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_. ABSTRACT

i

The Airborne Imaging Spectrometer (AIS) Data Analysis Workshop was held

at tt:eJet Propulsion Laboratory on April 8 to I0, 1985. It was attended by 92
people who heard reports on 30 investigations currently under way using AIS

data that have been collected over the past two years. Written summaries of 27 I

'_ of the presentations are in these Proceedings.

Many of the results presented at the Workshop are preliminary because l

most investigators have been working with this fundamentally new type of data

for only a relatively short time. Nevertheless, several conclusions can be ,

drawn from the Workshop presentations concerning the value of imaging spectro-

metry to earth remote sensing. First, work with AIS has shown that direct i
Z identification of minerals through high spectral resolution imaging is a ,

_ reality for a wide range of materials and geological settings. Second, there

_ are strong indications that high spectral resolution remote sensing will

° enhance the ability to map vegetation species. There are also good indications _

that inmging spectrometry will be useful for biochemical studies of vegetation, i
Finally, there are a number of new data analysis techniques under development !

which should lead to more efficient and complete information extraction from '

imaging spectrometer data. The results of the Workshop indicate that as exper-

ience is gained with this new class of data, and as new analysis methodologies I

are developed and applied, the value of imaging spectrometry should increase.

' i

I

!
i
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_ s INTRODUCTION TO THE PROCEEDINGS OF THE AIRBORNE IMAGING

:._ SPECTROMETER (AIS) DATA ANALYSIS WORKSHOP

GREGG VANE and ALEXANDER F. H. GOETZ,

Jet Propulsion Laboratory, California Institute of Technology

- Pasadena, California 91109 U.S.A.

OVERVIEW OF WORKSHOP AND SUMMARY OF KEY RESULTS

: The AIS Data Analysis Workshop was held at the Jet Propulsion

_ Laboratory on April 8 to i0, 1985. All investigators who have had a

chance to work with AIS data were invited to dttend and give a pro-

gress report on the status of their research. Of the 30 investigators

who currently have AIS data sets, 27 attended the Workshop and made

presentations. An additional 65 people attended who have interest in

, high spectral-resolution remote sensing. Of the total 92 attendees,

67 were from organizations other than JPL, including representatives

from Austria, Australia, Canada, India, and Japan. A complete list

_ of attendees is given in Appendix i.

i_ Most investigators have had only a relatively short time to work

_ with AIS data; hence, many of the results presented at the Workshop

_ _ should be considered preliminary. Imaging spectrometer data are of a

'L fundamentally different nature from all previous types of remote-

: sensing data, and before meaningful results can be derived from them,

new analysis methodologies must be developed. The development of new

_ analysis methodologies in turn requires a certain amount of experience

in working with this new class of data which has only become available

in the past two years. In spite of this, several conclusions can be

drawn from the reports presented at the Workshop. These reports are

summarized in these Proceedings. Some of the conclusions are sum-
marized here.

First, direct identification of minerals through high spectral-

resolution remote sensing is a reality. Extensive work has been done

in the hydrothermal alteration zone of the Cuprite Mining District, ,

Nevada, where the minerals kaolinite, alunite, buddingtonite, and

secondary quartz have been identified through spectral signatures de-

rived from AIS imagery. Mineralogical maps of the Cuprite area have '_ z

been produced directly from the AIS data and these maps have been

substantiated by subsequent field work. In the Wind River Basin of i

Wyoming, the minerals calcite, dolomite, gypsum, and montmorillonite

have been directly identified through their spectral signatures, and

spectral stratigraphy, or the remote analysis of stratigraphic

sequences, has been accomplished. 0H-bearing minerals associated with
i

sericlte alteration in the porphyry copper deposit at Yerington,
Nevada have been identified. The minerals kaolinite and montmoril-

lonite have also been observed directly in AIS data in an area of

altered and unaltered rhyolites and latites in the Hot Creek Range,

Nevada. Serpentinized olivine-bearing soils have been tentatively

. identified with AIS spectra and a potential unmapped satellite dike
" associated with the Moses Rock diatreme in Utah has been detected.

Also, the ability to discriminate between serpentinized and unserpen-

tinized peridotite has been demonstrated at the Josephine Ophiolite

%

I i _

I
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of southwestern Oregon. This finding was based both on spectral dif-
ferences between the two rock types and spectral differences in the

vegetation growing on the two different rock types. With the value

of imaging sFectrometry to mineral identification well demonstrated,

the major effort now is in the development of efficlenc techniques

for information extraction, and the application of these techniques

to broader geological problems.

In addition to those data analysis methodologies under develop-

ment at JPL, several other approaches to the analysis of high

spectral-resolution remote-sensing data were discussed. A spectral
mixture model is under development at the University of Washington

that makes use of a spectral reference library, which has been used

successfully to identify the origin of spectral variation in AIS

image_. The model has been applied to two data sets from Cuprite,

Nevada, and has identified the spectral endmembers characteristic of

the area imaged: playa silt, kaolinite, and alunite. A techniq,.e is

also unde_ development in Australia for mineral identification making
use of the wavelength position, intensity, and shape of diagnostic

absorption features. Extraction of the absorption features is done

by ratioing the spectrum against its "upper convex hull," which is
defined as the lowest convex curve lying above the spectrum. The

resulting curve, called the "hull quotient," allows the isolation and

extraction of individual features which provide the basis for auto-

matic classification of spectra. The technique has been successfully

applied to airborne spectroradiometer data. At the U.S. Geological

Survey in Denver, analysis techniques under development _nclude the

normalization of spectra to remove albedo and iltumination effects,

and the calculation of reflectance relative to a standard spectrum to

identify minerals. Standard spectral curves are formed by either

calculating the simple average of all spectra along the flight line

or using the low-order terms of a discrete Fourier series to fit each

spectrum along the flight line by employing a fast Fourier transform
method. The techniques used have allowed mineral ideutification in

an area of hydrothermally altered quartz monzonite and carbonate

rocks in Nevada. Other techniques are under study.

In the vegetation disciplines, the utilization of imaging spec-

trometry has not progressed quite as rapidly, due in part to the fact

that vegetation spectra do not exhibit the wealth of spectral ab-

sorption features that are con_non in so many minerals. Further, l

vegetation spectra are highly variable as a function of time for most !
species. Hence, the techniques being developed for mineral identifi-

cation are not always directly applicable. Nevertheless, several I

preliminary results were presented at the Workshop which could prove

of great value if confirmed after further study. Variation in the

width and depth of an absorption feature at about 1.19 _m has
been found to be related to forest type in the Slate Belt District of

North Carolina. The absorption feature is consistently broader and

shallower for pine forests than for deciduous forests. Subtle

features in the near infrared plateau from about 1.18 to 1.31 _m,

and from 1.60 to 1.78 _u_ suggest that high spectral-resolution
data in these regions may be useful in discriminating between corn,

soybeans, and alfalfa. Variations in the slope of the spectral

reflectance curve between 1.4 and 1.9 _m have made it possible to

1986002151-009



N

! '
: _ separate four types of wetland vegetation in the Delaware Bay. Inanother study, over Blackhawk Island, Wisconsin, very strong correla-

tions were observed between green wet-canopy weight and AIS data, as

a strong indication of an important protein absorption feature at

; 1.5 _ was inferred through a strong negative correlation between•/ i

_ the AIS data at that wavelength and the nitrogen concentration and

i total nitrogen. Additional evidence of spectral signatures related to

plant biochemistry was found in data acquired near Purdue University,

: Indiana, and over the Boreal Forest of Minnesota. The ratio of the

AIS radiance of the ground cover to the radiance of a standard showed

several ramp-like features thought to be due to the biochemical com-

_ position of the leaf or to the optical-scattering properties of its

cuticle, or a combination of both. The size and shape of the ramps

vary with ground cover, indicating the potential for species discrim-

ination and identification, as well as assessment of health.

Contained in these Proceedings are the summaries of 27 of the

progress reports that were presented at the Workshop. Further details i
pertaining to the foregoing synopsis can be found in the summaries. I

The meeting agenda is also included in the Proceedings as Appendix 2. !
The remainder of this Introduction to the Proceedings is devoted to

,_ an overview of the motivation for high spectral-resolution remote

:_ sensing, a brief discussion on how imaging spectrometry is accom-

", plished, a s_ry of the analysis techniques under development at .!

JPL, and an overv_pw nf the AIS and its operation. !

_- MOTIVATION FOR IMAGING SPECTROMETRY !

Imaging spectrometry is defined as the simultaneous acquisition of i

images in many narrow, contiguous spectral bands in such a way that a

continuous reflectance spectrum can be reconstructed for each picture

: element (pixel) in the scene. The concept is shown diagrmmnatically

in Figure I. In the context of the ongoing NASA program at JPL, the

spectral region to which this new approach to remote sensing is being

" applied spans the 0.4 to 2.5 micron (_) region at a typical

spectral sampling interval of about i0 nanometers (_). The goal of

imaging spectrometry is to make possible the direct identification of %

those surface materials which have diagnostic features in their

reflectance spectra. This cannot be done with sensors such as the 1

Landsat Multispectral Scanner (MSS) or Thematic Mapper (TM) because !
of their low spectral resolution.

; The physical and chemical characteristics of materials determine

i their reflectance and emittance spectra. Laboratory absorption and

reflectance spectra from the ultraviolet to the far infrared have

long been used for analysis and material identification. Although

the two Landsat sensors mentioned above provide spectral information

I in several broad bands, this coarse sampling is insufficient to fully

_ describe the material characteristics that can be determined through

i laboratory spectroscopy. This is because the spectral reflectance

" and emittance characteristics for surface materials, which are deter-

mined by electronic and vibrational energy states in the materialE,

are usually too highly structured to be observed at coarse spectral

-_ resolution.
I

%
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_, The reflectance characteristics short of 1.0 pm for minerals
are influenced by the presence of transition metals. Almost all

minerals contain some Iron, and that metal dominates the shape of
most mineral reflectance curves in this spectral region. Charge

. transfer bands that are a result of the exchange of electrons between
: neighboring metal ions create absorptions in the UV region short of

0.4 pm. The wings of these bands extend into the visible portion

of the spectrum and are responsible for the general increase in
.' reflectance between 0.4 and 0.8 pm, as shown in Figure 2

Electronic transitions in the transition elements which result from
t_e_denergy level changes in the d-shell electrons within the crystal '4 '

of the mineral result in absorption features near 0.9 _n, as seen
•_ in spectrums 2 and 3 in Figure 2 Detween 0.85 and 0.92 pm, and

this c.aracterlstic, as well as the steep rise in the reflectance

curve in the visible region, is used to identify the presence of

llmonlte in Landsat images (Rowan et al., 1974; Rowan et al., 1977).

At wavelengths beyond 1.0 psn_ vibrational features associated

, with bound and unbound water become important in determining the re- i
flectance spectrum of the material. Major absorption features are I

_" seen at 1.4 and 1.9 _, but there are also strong atmospheric !
_ water bands at these wavelengths, making this region practically un-

_: useable for remote se,,sing. Combination bending-stretching overtones i
) of the fundar_ntal OH vibration at 2.74 _n are seen in the region

of 2.1 to 2.4 _m. Overtones for SO4 and CO3 are also found _
in this region. Minerals such as alunlte, pyrophyllite, muscovite,

: kaolinite, montmorilloni_e, and calcite have uniquely diagnostic ;

reflectance spectra in this region, as shown in Figure 3. Ii
The use of high spectr_l-resolution remote sensing for the ident- !

ification of minerals began in the last few years with the advent of

remote-sensing instruments that sample at high spectral resolution.
|

Chiu and Collins (1978) and Collins et al. (1983) have developed an
airborne spectroradiometer with which they have demonstrated the
ability to directly identify clay minerals through the presence of
the overtone bands discussed above. Coetz et el. (1982), using a
10-channel radiometer flown aboard the Space Shuttle Columbia, made
the first direct identification of kaolinite and carbonate rocks from
orbit, i

The spectral reflectance for vegetation in the 0.4 to 2.5 pxn
region is not as highly structured as that for minerals. A typical i
reflectance curve for a growing plant is shown in Figure 2. This is i
a moderate resolution spectrum (_/_k • 50) which was acquired in the i
field (Goetl et al., 1983). The chlorophyll absorption features are

centered at 0.48 and 0.68 _m. The absorption at 0.48 pm is
the result of electronic transitions in the carotenoid pigments which

L

function as accessory pigments to the chlorophyll pigments in the
photosynthetic process. The 0.68 _m absorption is the result of
electronic transitions in the chlorophyll molecule, centered around

_ the magnesium component of the photoactive site. The area between
the two absorption features falls within the portion of the visible

ii spectrum that results in the green color of plants. The steep rise

in reflectance of vegetation beyond 0.8 _m is called the red edge

l

V _ _
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irI of the chlorophyll band (Horler e' al., 1980; Horler et al., 1983) _
and the slope oL tae red edge has been related to chlorophyll
concentrations in the lea_,es (Horler et al., 1983).

The shape of the spectral reflectance curve short of 0.8 pm
changes significantly during the time the leaf goes from active photo-

synthesis to total senescence. In actively photosynthesizing plants,
the spectral region most affected by _eochemical stress lies between

0.55 and 0.75 pm, where the most diagnostic feature is the
position and slope of the red edge (Collins et al., 1981; Horler et
al., 1983). Collins et al. (1982) and Milton et al. (1983) have re-

corded shifts in the red edge of the chlorophyll band toward shorter

wavelengths on the ordec of 0.007 to 0.01 pm in magnitude in

plants influenced by geochemical stress. An example of this is shown

in Figure 4. An airborne, 512-channel spectroradiometer covering the0.4 to i.I _m region (Chang and Collins , 1983) has been used to

_ detect "blue shifts" of the chlorophyll red edge in both coniferous

_ and deciduous tree stands growing in soils containing metal sulfides.

iiI The near-infrared plateau is located between 0.8 and 1.3 _m.

The high reflectance in t _is spectral region is characteristic of the

leaf tissue. The infrared plateau is by no means as uniform as its
name implies, but contains potentially diagnostic features that may

be related to both cellular arrangement within the leaf and to

hydration state (Gates, 1970; Gausman et al., 1977; Gausman et al.,

1978). The cellular arrangement within the leaf is genetically

I controlled and can therefore potentially be used for separating oridentifying vegetation types (Esau, 1977). Figure 5 shows an example

based on field spectra acquired during the fall foliage peak at Lost
River, West Virginia (Goetz et al., 1983). The species shown can be

separated from one another using the fine structure in the infrared

plateau as well as the reflectance in the 1.6 to 2.2 _m region,
which is sensitive to leaf water content.

To briefly summarize the preceding discussion, there is consider-

able information in the 0.4 to 2.5 _m spectral region which can

only be acquired using high spectral-resolution sensors. For

minerals, the short wavelength infrared from about 2.0 to 2.5 pm
is especially rich in narrow absorption features related to vibra-

tional processes, while absorption features due to electronic proces-

ses are found throughout the 0.4 to 2.5 pm region. Vegetation _-
spectra do not differ as dramatically from one to another as mineral

spectra, but they do exhibit spectral features associated with

geochemical stress and leaf cellular structure that require high
spectral-resolution measurements for detection, and work presented in

these Proceedings indicates still other potentially very useful

applications of high spectral-resolution remote sensing to studies of
; vegetation.

HOW IMAGING SPECTROMETRY [S ACCOMPLISHED

,. Simultaneous imaging in m_ny contiguous spectral bands requires a

new approach to sensor design. Sensors such as the Landsat MSS or TM_ are optomechanical systems in which discrete detector elements are

scanned acro-s the sarface of the earth perpendicular to the flight

path, the detectors converting the reflected solar photons from each
pixel in the scene into a sensible electronic signal, as shown in

7

w,

1986002151-014



O.008 I I I _ I I

0.007-

, EXPOSEDWHITESOIL

_,0.006- H20 -
FRAUNHOFER OI

_ '- LINES
"' 0.005 -

; I

' JESHIFT

_.._'- E, 02 _ //

_:_ '-'0._,,4- INABSORP-

TIONLIMI '_-_ ,.,0.003- SULFIDEZONE...
Z
< BACKGROUND

0.002:-
e,,-

_ O.OOl-

' BACKGROUND
0 I I I I I I
400 500 600 700 800 900 I000 II00 "_-

WAVELENGTH,nm

-i
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J
_: Figure 6(a). The detector elements are placed behind filters that

pass broad portions of the spectrum. The MSS has four such sets of

filters and detectors, while the TM has seven. The primary limitation

of this approach is the short residence time of the detector in each

_.i instantaneous field of view (IFOV). In order to achieve an adequate
signal-to-noise ratio without sacrificing spatial resolution, such a

sensor must be operated in broad spectral bands of I00 nm or greater

or must use optics with unrealistically small ratios of focal length

to aperture (f number).

One approach to increasing the residence time of a detector in

each IFOV is to use line arrays of detector elements as in Figure

_ 6(b). In this configuration there is a dedicated detector element for

each cross-track pixel, which increases the residence or integration

_ time to the interval required to move one IFOV along track. Such an

experimental two-spectral band instrument, called the modular opto-

electronic multispectral scanner (MOMS), has been flown aboard the

Space Shuttle (Meissner et al., 1983). The French satellite SPOT

(Systeme Probatoire d'Observation de la Terre), which will use line {

array detectors, will be launche_ in 1985 (Brachet, 1981). _

: There are limitations associated with the use' of multiple line

arrays when each line array has its own spectral band-pass filter. _
_. If all the arrays are placed in the focal plane of the telescope, then !

_ the same ground locations are not imaged simultaneously in each spec- _
tral band. If beam-splitters are used to facilitate simultaneous data

acquisition, the signal is reduced by 50 percent or more for each ad-

ditional spectral band acquired in a given spectral region. Further- i

more, instrument complexity increases substantially if more than six !
to ten spectral bands are desired.

Two approaches to imaging spectrometry are shown in Figures 6(c)

and (d). The line array approach is analogous to the scanner aproach ' i

used for the MSS and TM, except that light from a pixel is passed%
into a spectrometer where it is dispersed and focused onto a llne

array. Thus, each Fixel is simultaneously sensed in as many spectral
_ bands as detector elements in the line array. For high spatial reso-

lution imaging (ground IFOV's of i0 to 30 m), this approach is suited

only to an airborne sensor which flies slowly enough that the readout

time of the detector array is sma]l fraction of the integration _

time. Because of high spacecraft velocities, imaging spectrometers

designed for earth orbit require the use of two-dimensional area i
arrays of detectors at the focal plane of the spectrometer [Figure i

6(d)], obviating the need for the optical scanning mechanism. In

this arrangement there exists a dedicated column of spectral detector

elements for each cross-track pixel in the scene.

The first spaceborne imaging spectrometry of the earth will be

done with the Shuttle Imaging Spectrometer Experiment (SlSEX) which

is now underway at JPL (Wellman et al., 1983). The first launch of

SISEX is planned for 1990. Also in the design phase is a High

Resolution Imaging Spectrometer (HIRIS) which has been identified by

i_I NASA as one of the three prime sensors to be placed into polar orbit

in about 1994 on the Space Station Earth Observing System (EOS).

Both SISEX and HIRIS are based on the area detector array approach

described above. While area detector arrays made of silicon are now

'_ available for imaging spectrometry in the visible portion of the
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spectrum, infrared area arrays of suitable dimensions for SISEX and

HIRIS are still under development. AiS was designed as dL_ engineering

: tes_ bed for the protouype detector arrays that will lead to those to

, be used in space. To bridge the time between now and the flight of

SISEX, another airborne instrument is under construction at JPL to

provide complete coverage of the visible, near infrared and short-

wavelength infrared, to provide the necessary data base for develop-

ing efficient algorithms for analyzing SISEX and HIRIS data. That

instrument is the Airborne Visible/Infrared Imaging Spectrometer

(AVIRIS) (Vane et al., 1984) and will become operational in 1987 as a

,_ NASA facility instrument. Its design is based on the approach

illustrated in Figure 6(c) in order to achieve a large swath width on

the ground using currently available detector technology. The

characteristics of these four instruments are summarized in Figure 7;

AIS will be discussed further shortly.

ANALYSIS OF IMAGING SPECTROMETRY DATA

_ Just as imaging spectrometry requires new technology for instru-I

_ ments and detectors, effective utilization of the data requires

"" development of new analytic approaches and techniques. The dimension-

ality of imaging spectrometer data makes it necessary to seek new

analytical methods if dependence on the raw computational power of

supercomputers is to be avoided. The experience with AIS tends to

confirm that the nature of imaging spectrometer data leads naturally

to a more deterministic approach to scene analysis. The most compel-

ling reason for turning to deterministic, as opposed to statistical,

methods of analysis is the fact that imaging spectrometry provides

spectral sampling sufficient to define unique spectral signatures.

The first problem to be addressed in the analysis of these data

is visual interaction with hyperspectral images and their statistical

properties. Current graphics and image display technology allow im-

plementation of a variety of visual exploratory analysis tools. Among

these are the ability to display a time-sequenced projection of the

images in the spectral direction, the ability to have cursor-desig-

nated spectral plots of s_ngle pixels or averages over a spatial _
window, and the ability to r_p{dly locate pixels having similar spec-

tral signatures. In addition, interactively locating and displaying

spectra from a spectral library for visual comparison and inter-

actively creating spectral data sets from specified regions in the

scene are now possible. Another useful visual enhancement of the

data is the application of an equal energy spectral normalization,

which allows direct comparison of the shapes of spectral curves.

Manual examination of the spectral content of the images by

cursor-designated plotting is a very useful too!. However, it

becomes' rather laborious when one is trying to locate spectrally

similar units throughout an et_tire scene. To overcome this problem,

a fast spectral-signature matching algorithm has been aevised at JPL

that can be used to find all the pixels in a scene having a spectral

signature similar to a specified prototype spectrwn_ The prototype

can be specified from the image data itself or from a spectral

reference library. The technique relies on binary encoding of the

,
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i spectral data in order to achieve fast cross-correlation for

signature matching. Details can be found in Goetz et al. (1985).

The algorithm used provides a very fast means of searching a scene

for the location of specific spectral classes and has been used with
" _ success on AIS data (Solomon amd Lee, 1985, private communication).

Multispectral scene classification is especially affected by the

dimensionality of the data. The general multispectral classification
! problem is illustrated in Figure 8. lhe key element in this problem

i is finding a feature extraction operator with efficient information-
compression properties. The transformation operator can be linear or

_ nonlinear but should reduce dimensionallty and at the same time pre-
serve the information necessary for identification of the spectral

signature. One of the traditional transformations used is the

Karhunen-Loeve or principal components transformation. However, con-
: struction of this transformation requires estimation of the covariance

matrix, and this process would take on the order of 1013 arithmetic

operations for a typical ll-km-square scene such as will be acquired

by AVIRIS. Clearly, more computationally efficient transformations

are needed for the analysis of imaging spectrometer data.

_ The nonlinear binary encoding and cross-correlation techniques
_i/ discussed above are useful in this context. However, there is a large

_ class of linear deterministic transformations having fast numerical

• implementations that are obvious candidates as feature extraction op-

erators. Examples include Fourier, Walsh-Hadamard, and Haar (Gonzales

_" and Wintz, 1979). All linear transforms provide dimensionality re-

:. duction. However, there remains the question of clustering properties

and similarity measures in the reduced dimension pattern space. The

Walsh-Hadamard transform is particularly attractive from the stand-

point of computational speed, since it is even faster than the fast

Fourier transform. Furthermore, early analytic results indicate that

" dimensionality reduction of eight-to-one can be achieved while

maintaining good classification accuracy. This and other transforms
are under study at JPL and elsewhere.

AIS DESCRIPTION AND OPERATIONS _,.

As noted earlier, AIS was designed as an engineering test bed for

•_ use with prototype, infrared area-detector arrays of the type which

i _ will be flown in space on SISEX and HIRIS. At the time the instrument

• was proposed, it was intended to be flown only a few times, mostly

over geological targets in California and the southwestern U.S. The

i desire to make AIS data as widely available as possible had led to a
much more intensive operation of the instrument. AIS remains an engi-

neering test bed, however, and data users ought to be aware of the
implications of this. The following s_ry is an overview of the

instrument and the changes it has undergone during the past two years.
The observational characteristics of AIS are summarized in Table

-| 1. A complete description of the instrument can be found in Vane et

"i al. (1983). AIS operates in the pushbroom imaging mode described

1 earlier and illustrated in Figure 6(d). The foreoptics of the in-

__!;,_[ strument consist of a concentric Schwartzchild telescope with a

24-nln-diameter collecting aperture. Light passes from the foreoptics

%
!
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Table I, AIS Performance Characteristics

IFOV i. 9 mrad

FOV 3.7 degrees

f_ GIFOV at 6-km Altitude _12 meters

Swath Width at 6-km Altitude _400 meters

Spectral Coverage 9.3 nm

Spectral Sampling Interval 128

Data Rate 394 kbps

, J

Grating Positions

• GPOS 0 %0.9 to 1.2 _m

GPOS i 1.2 to 1.5 _m

s

GPOS 2 1.5 to 1.8 _m

GPOS 3 1.8 to 2.1 _mt•

" GPOS 4 2.1 _o 2.4 _m
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_ through a slit which defines the cross-track footprint on the ground.

In the spectrometer the light is dispersed with a diffraction grating

and focused on a 32-by-32-elemcnt mcrcury cadmium telluride (HgCdTe)!
_ detector array located inside a dewar containing liquid nitrogen for

detector cooling. The detector array consists of the HgCdTe chip

i mated via indium bumps to a silicon charge-coupled device (CCD) which

. serves as the multiplexer for reading the signal from the HgCdTe

detector. It is therefore a hybrid detector array. To acquire 128

spectral images with a 32-by-32-element detector array, the grating
is tilted through four positions during the time the aircraft flies

forward one ground IFOV. A sketch and a pho_ograph of the instrument

are shown in Figure 9.
_0

. . The first test flight of AIS was done in November 1982 aboard the

_ NASA/Dryden C-47 aircraft. A detector array with a 4.?-_m-long
wavelength cutoff was used to successfully acquire images in one

grating position or 32 spectral bands at a time. The original design

for the grating drive was inadequate for moving the grating through
the four required positions within the small stepping time allowed.

" In December 1982, AIS was installed on the NASA/Ames C-130, on which
it has been flown ever since.

_ • Data were acquired with the original 4.7-_m cutoff detector

-_ _ over several test sites in the southwest U.S. and West Virginia in

_- _ late 1982 and early 1983. In June 1983, a second-generation

32-by-32-element detector was installed that had a 2.5-pm-long
" wavelength cutoff. Data collection continued with the improved

detector, and a total of eleven investigators received data sets from

the first season of operation. During the following winter, from

November 1983 to April 1984, a new grating drive was designed and
installed in AIS. Improvements were also made in instrument

calibration with the acquisition of new laboratory equipment for that

purpose. During the 1984 field season from April to October, data

were acquired for an additional 19 investigators in spite of

occasional instrument and C-130 failures and poor weather throughout

the U.S. that year. This past winter, from November 1984 through

April 1985, several additional improvements were made to the

instrument including the removal of systematic noise in the
instrument electronics, and the addition of a new boresited Nikon

camera with automatic exposure. The instrument will be flown in this _.

configuration during the 1985 field season until the next-generation

detector is ready. Work is already under way to convert AIS to a !
HgCdTe area array which is 64-by-64 elements in size. The upgraded
instrument should be ready by the end of this season. Further details i

of the AIS history can be found in the Airborne Imaging Spectrometer

Science Investigator's Guide; this brief summary serves to make the

point that although AIS is being used in an almost operational mode,
it is still an engineering test bed and changes in the instrumentt
will continue to be made as technology evolution permits.

By the end of the past season, some 30 investigators or groups of
investigators had at least one AIS data set. There have been three

approaches to obtaining AIS data. The first of these is through NASA-

approved RTOP's of proposals which are submitted with a formal flight

request for AIS data. The submission of a flight request with the

proposal is essential for obtaining the necessary flight hour alloca-

_. '_

_ ,
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tion on the C-!30 for data acquisition. Secondly, several investi-

gators received data during the 1984 season, or have been approved

_ for data acquisition in the 1985 season, through the "guest investi-

gator" process in which a limited number of C-130 flight hours have

been given to JPL by NASA for investigators who have net been formally

.' _ funded by NASA for data acquisition. The purpose of the "gu=st

investigator" process has been to bring new people into the imagin_

spectrometer program. By the end of this season about 20 experi-

menters will have benefitted. The final approach to obtaining AIS

data is to acquire a copy of an existing data set. JPL will send a

copy of a standard 128-spectrcl-band data set from Cuprite, Nevada,

to anyone who requests it. Also, with the approval of the principal

_._ investigator concerned, a copy of any other data set that has been ,,

acquired can be provided.

AIS will continue in operation until AVIRIS becomes operational in '

1987. NASA does not intend to continue the "guest investigator" pro-

cess described above for acquiring AIS data, but formal proposals for

_. data acquisition and analysis are being accepted for the 1986 season i
through the standard process. Contact Dr. Robert E. Murphy, Code EE, ;
NASA Headquarters, Washington, D.C. 20546, (202) 453-1720, for

. details. Results from the 1985 season, as well as results from the i

_;: continuing work described in these Proceedings, will be presented at i_J

_. JPL next spring (1986) in the next AIS Data Analysis Workshop. Also,
: a "dear colleague letter" soliciting proposals for AVIRIS data acqui-

sition and analysis will be issued in late 1985 to select those in-

vestigatcrs who will begin working with the first AVIRIS data in 1987.

o !

J
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MINERALOGICAL MAPPING IN THE CUPRITE MINING DISTRICT, NEVADA

ALEXANDER F. H. GOETZ and VINAY SRIVASTAVA, Jet Propulsion

Laboratory/Callfornia Institute of Technology, Pasadena, California

91109, U.S.A.

INTRODUCTION

The Airborne Imaging Spectrometer (AIS) has provided for the first

time, the possibility to map mineralogical constituents in the earth's

surface and thus has enormously increased the value of remote-sensing I
data as a tool in the solution of geologic problems.

The question addressed with AIS at Cuprite was how well could the
mineral components at the surface uf a hydrothermal alteration zone be

detected, identified and mapped? The question has been answered posi-

tlvely as discussed below, and perhaps more importantly a relatively rare

mineral, buddingtonlte, that could not have been detected by conventional i

means, was discovered and mapped by the use of AIS.

SETTING

The L_prite mining district straddles U.S. Hwy. 95 approximately

17 km south of Goldfield in southwestern Nevada. The eastern ilalf of the
distrlct studied wlth AIS is an area of extensive hydrothermal alteration

within a sequence of rhyolitic wel_ed ash flow and air fall turfs. The t

major unit is the 7 my-old Thirsty Canyon Tuff whose source is the Black I

Mountain Caldera , 50 km to the southwest (Ashley and Silbermann, J

1976). The altered units consist of a central core of almost pure

silica, a ring of opalized rocks containing alunite and kaolinite, and an

outer argillizea zone containing maln_v kaolinite and montmorillonlte as

well as opal and some llmonite (Abrams, et el., 1977).

PREVIOUS STUDIES ','_

The Cuprite area has been the focus of remote-sensing studies for the _
last decade. Because of its varied mineralogy and relatively sparse 4

vegetation cover a number of spectral remote-sensing studies have been' I

carried out there (Abrams, et al., 1977; Kahie and Goetz, 1983; Goetz, i

et al., 1985). Abrams, et el. (_977) showed that broad-band multispec- 1
tral imaging, including bands centered at 1.6 and 2.2_m, was far superior

in mapping hydroxyl-bearlng minerals than those restricted to the region

short of [.O_m, and provided the conclusive evidence that aided in the

decision to include the seventh band (2.08-2.36_m) on the Landsat

Thematic Mapper.

Abrams, et al. (1977) found that color ratio composites utilizing the

1.6 and 2.2pro bands, in combination with bands at shorter wavelengths,

could be used to delineate the major boundaries in surface mineralogy
_r

very accurately. The mapping was verified by laboratory analysis of

_i field samples. Although boundaries between unit_ could be mapped accur-
,_ ately, it was not possible to identify the surface mineralogy without

_-_ resort to in-situ measurements. Laboratory-llke spectral reflectance

i measurements are required to identify mineral constituents in the surfacedirectly. The AIS provides image data at 9.3-nm intervals throughout the

22 _
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1.2-2o4_m spectral region and has sufficient spectral reso!ution to make

direct mineral identification possible. _

i AIS DATA ACQUISITION

AIS data over Cupri_e, Nevada were first acquired in August 1983.

Two subsequent flights in i984 covered the areas shown in Fig. I. The

1983 flight covered a small area extending from south to north across the

southern boundary of the alteration zone. Prominent features are a

bright hill in the center of the coverage shown In Fig. 2a and a bull-
dozed area which shows up very brightly in the northern end of the

ii_ coverage. During 1984 the area was reflown, but in order to cover the
_ same area exactly it was necessary to roll the aircraft approximately

5°. After overflying the bulldozed area, the horizontal attitude was

resumed causing the dogleg seen in Fig. I.%

:'_ DATA REDUCTION

ii On-board data reduction consists of an automatic dark current

subtraction before the data were recorded. On the ground the light

transfer curve derived from laboratory calibration for each of the 1024

detector elements is applied to produce the so-called "raw" data. The

! resulting spectrum for each pixel has the general shape seen in

Fig. 2b. The major features are a fall-off in signal toward longer

wavelengths, a function of Irradiance, and the two major atmospheric

• water absorption features centered at 1.4 and 1.9_m. The reduced curve

shown In Fig. 2 was obtained by removing the solar spectrum and I
• I normalizing the data to an area overflown outside the Cuprite region, but

during the same pass. The area was assumed to be spatially uniform and

spectrally flat, or at least smoothly varying. All the data in one pass '
i are normalized to this region. The normalization is important to remove

residual stripping in the images caused by minor inaccuracies in the :
laboratory calibration data.

, The resulting reduced curve is shown in Fig. 2b. The regions within j

the atmospheric water bands are very noisy because of the lack of energy Ireaching the surface at these wavelengths. Mineral spectral features can

be seen beyond 2.0_m. "_

RESULTS

The results of the 1983 overflight can be seen in Fig. 2c and

Fig. 3. Figure 2c shows images in 32 contiguous channels from 2.03-

2.32_m to which an equal area normalization has been applied (Goetz,

et al., 1985). The result is an enhancement of spectral differences and

suppression of brightness differences associated with topography, i
i Figure 3 shows the result of extraction of spectra from individual

3-by-3 plxel areas. The bright hill exhibits an absorption doublet at

2.17 and 2.20_m that is diagnostic of the clay kaolinite while the

i_i bulldozed area exhibits a single, broad absorption minimum at 2.16_m,

diagnostic of alunite. Laboratory spectra for samples collected in these
areas are shown as dashed lines.

A ground traverse was carried out to identify the exact boundary of

opalized and secondary quartz zones. Figure i shows the location of the

traverse while Fig. 4 shows laboratory spectra of individual samples

i 23

1986002151-030



"i
J
t

1
l|

Figure i. Airphoto of the Cuprite minillg district showing the

approximate AIS ground coverage.
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collected at lO-m intervals along the traverse. The traverses A, B and C

i were spaced I0 m apart in an east-west direction. The dominant features

are the 2.16 and 2.32_m absorption features of alunite. Several samples

I contain kaolinite and a mixture of the two minerals is also seen. The

I secondary quartz spectra seen at the top of Fig. 4 are almost featureless
"h

as expected for quartz. However, a 2.25_m feature is seen and can be

attributed to an Si-OH overtone (Podwysocki, personal communication).

iI The boundaries seen in the traverse spectra are also identified in the

J AIS images.

_! The results of the July 1984 flight are seen in Fig. 5. The SPAM

¢ program (AIS User's Guide, 1985) was used to map mineral constituents

that are plotted in red. In each case the upper spectrum is taken from

the image and the lower is a laboratory spectrum of a sample collected in

the mapped area.

The mineral buddingtonite, an ammonium feldspar_ although not at

/ first identified, was detected through a 2.12_m absorption feature in the °

image spectra and subsequently sampled in the field in the area shown in i

red. The field sampling was blind because buddingtonite is not identi-

fiable in the field, and at the time the cause of the 2.12_m absorption

feature was not known. The identification of the mineral was made by L.

Rowan (personal communication) after samples were collected. Cuprite is t

now the fifth known location of buddlngtonite in hydrothermal areas (D.

Krohn, personal communication). !

" i

The AIS is the first modern, albeit modest, imaging spectrometer to i

be flown over earthly targets. As the results in Cuprite have shown,

direct identification of surface mineralog_ and mapping thereof, is feas- ,

ible. Proper calibration and normalization of the data are required to

i detect diagnostic absorption features and facilitate mineralogical

mapping.
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Figure 5. AIS coverage of Cuprite, witi_ south at ti_etop, covering the
track wLth a "dogleg" shown in Fig. 1. Tl_e upper curves are

ti_e3-by-3 pixel spectra of the red area in the respective
images. The lower curves are laboratory spectra of samples

! collected in the red areas. _e IndLvldual mineral map_ were

made using the SPAM program by selecting representative regions

for the four spectral types shown and searching the images for

similar spectral types. In each image, the regions of similar

• spectral types are shown in red. i x
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:_ REMOTE STRATIGRAPHIC ANALYSIS: COMBINED TM A_ AIS RESULTS IN THE

, ,' N8 6 - 1 1 6 2 0
LANG, H.R.,E.D. PAYLOR and S. ADAMS, Jet Propulsion Laboratory, California

Institute of Technology *, Pasadena, California 91109.

ABSTRACT

An in-progress study demonstrates the utillty of AIS data for

unraveling the stratigraphic evolution of a North American, western [

,_ interior foreland basin. AIS data are used to determine the stratlgraphlc
distribution of mineralogical facies that are diagnostic of specific

deposltional environments. After wavelength and amplitude calibration

; using natural ground targets with known spectral characteristics, AIS data
identify calcite, dolom!te, gypsum and montmorlllonlte-bearlng strata in

the Permian-Cretaceous sequence. Combined AIS and TM results illustrate

the feasibility of "spectra] stratigraphy", remote analysis of

stratigraphic sequences, i,

._.

._.= SUMMARY

Prior to 1982, inadequate spatial resolution and spectral coverage ;:

, limited the utility of multlspectral image data for stratlgraphlc

studies. Thematic Mapper (TM) and Airborne Imaging Spectrometer (AIS) data

_ now provide improved spatial and spectral resolution, geometric fidel_ty I

and spectral coverage. Evaluation of the combined utility of these data i
demonstrates that they can complement conventional geological and

geophysical information for stratigraphlc studies In a typical North !
American foreland basin.

TM and AIS data were acquired in the Wind Rlver/Bighorn Basin area of

central Wyoming. Combined photogeologic, image processing and spectral

analysis methods were used to: I) map strata, 2) construct stratigraphic

columns, 3) correlate strata, an6 4) identify mineralogical facies.

Photogeologic interpretation of a 1:250,000 scale TM image identified

an appropriate locality for constructing an image-derived stratigraphic '_
column. This "type locality" encompasses exposures of homocllnal strata in

the Deadman Butte area _f the Casper Arch, eastern Wind River Basin. A

1:24,000 512 x 512 pixel I_ image of the Deaden Butte area provided a

photogeologic base for mapping spectral, textural and geomorphically

defined photogeologic horizons. The TM image geometrically matched

U.S.G.S. 71/2" topographic maps. Thus, standard geologic map

interpretation methods could be used to construct a strattgraphlc column

incorporating TM spectral characteristics, true stratlgraphlc thlckncss and

resistance of the photogeologlc units. This column was correlated with a

conventional surface section measured 6 miles to the west. Thus, 38 Imase

units were assigned to 11 formations ranging from the Permian Phosophoria

to the Cretaceous Cody Shale. The Deadman Butte k'M stratigraphic column

*Performed under contract with NASA.
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was also correlated with a similarly constructed column from a structurally
complex area in the southern Bighorn Basin and also with well logs from

_ both the Wind River and Bighorn Basin,
3'

i Thirty-two channel, 2.t Urn-2.4 gn, AIS data acquired in October, 1983

_ were registered to the 1:24,000 scale Deadman Butte TM image _o provide

mineralogical information for TM oefined stratigraphic units. Methods used
to analyze the AIS data included: I) empirical wavelength and amplitude

t" calibration using natural ground targets with known refle_tat,ce spectra, 2)

principal components analysis using I0 spectral bands selected on the basis

I of field and laboratory spectra of strat_graphically diagnostic mlnerals,3) interactive sampling and mlneralogieal interpretation of image spectra,

4) automated mLneralogical classification using a laboratory spectral
v library, and 5) along-track evaluation of spectral variability using
/

.__ residual processing.
Analyses revealed an approximate 4 channel wavelength shift from

nominal and excessive noise in the last 5 channels. Aftcr correcting for

" these problems, AIS data revealed the stratigraphic distribution of

doloralte (dolostones in the Phosphoria Formation), gypsum (anhydrites in

the l>Inwoody/Chugwater Formation transition), calcite (limestones in the

_ . Alcova Member of the Chugwater Formation), montmorillonite (bentonites in

, the biowry Shale and Frontier Formation) and quartz (orthoquartzites
throughout the section). This information was incorporated into thc _-

_._ defined stratigraphlc column.

_i/_ One hundred twenty-eight channel, 1.15 vm- 2.34 _, AiS data were
_ acquired on the same flightline in September, 1985. Comparison of image

spectra to laboratory spectra (Fig. I) confirmed results of the analysis of

t 1983 data. Residual processing of the data, using the same methods that
f

were applied to the 1983 data, however, yielded unsatisfactory results.
Refinement of the residual method is now in progress.

These results demonstrate the feasibility of using coreglstered AIS

and TM data for correlation of strata and for isopach and facies mapping.

This stratigraphic information can be integrated with conventional surface,
borehole and geophysical data for detailed stratlgraphtc studies of N°rth I
American western interior sedimentary basins. When available, AVIRIS and e

SISEX data could provide images with sufficient spatial coverage and
geometric fidelity to replace TM data as a photogeoloFic base foc similar
spectral stratlgraphic studies. J
REFERENCES _.
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Fig. I. Comparison of selected 3 x ] plxel, flat-fleld corrected,

; AIS image spectra to laboratory spectra of samples obtained
from same locations. Atmospheric transmission spectrum "_ 4
(after Wolfe and Zissis, 1978, pp. 5-88) is also shown. Data

span I.15 pm-2.34 _m wavelength interval. Absorpt ion I

features tnclude atmospheric C02 bands near 1.45 m and 2.0
_m, and bands near 2.33 tm (calcite), 2.30 _m (dolomite) and I

2.2 tm (gypsum and montmorlllonlte). Long wavelength shift_
(- 4 AIS channels) of 2.2 pm gypsum and montmorillonlte

bands in AIS spectra as compared to laboratory spectra are

probably due to along-track differences in wavelength
interval sampled by fourth grating position.
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FIELD UTILIZATION AND ANALYSIS OF AIS 128-CHANNEL IMAGERY USING "_

MICROCOMPUTERS: APPLICATION TO YERINGTON_ NV FIELD AREA

_" R.J.P. LYON, Department of Applied Eazth Sciences, Stanford Univ., Stanford,
CA, 94305; Kai LANZ, Remote Sensing Lab., AES Department, Stanford, CA, 94305

ABSTRACT

As geologists in exploration we need to be able to determine the mineral

,_ composition of a given outcrop, and then proceed to another in order to carry
out the process of geologic mapping. Since April 1984 we have been developing

a portable microcomputer-based imaging system (with a "grey-scale" of 16 shades
of amber), which we demonstrated during the November 1984 GSA field trip in the

field at _erington, NV. We have recently also demonstrated a color-version of

, the same technology, at this AIS Workshop, at JPL. The portable computer
selected is a COLBY 10-Megabyte, hard disk-equlpped "repackaged-IBM/XT", which

# operates on either 110/220 VAC or on 12VDC from the cigarette lighter in a
: field vehicle. (See Figure 2: upper). A COMPAQ PLUS or an IBM Portable will
_._ also work on modified software.

i_, Our software was internally developed and owes much to Dr. Andy Green,

"_: CSIRO, North Ryde, NSW, Australia, and follows his ideas of LOG-RESIDUALS (see

associated paper in this issue by A. A. Green and M. D. Craig). The underlying i
concept is that the atmospheric transmission and surface albedo/slope terms are
multiplicative, relating the spectral irradiance to the spectral "color" of the
surface materials - the end result we wish to examine in the field. Thus the

spectral color of a pixel remains after averaged log-albedo and log-irradiance
have been estimated. All these steps can be carried out on the COLBY micro-

computer, using 80 image lines of the 128-channel, 12-bit imagery.
Results are shown for such an 80-11ne segment, showing the identification '

of an O-H bearing mineral group (of slightly varying specific characters) on

; the flight line. (See Figure 2: lower.)

GEOLOGY OF THE SITE (After Proffett & Dilles, 1984)

The Jurassic plutonic rocks (granodiorlte and quartz monzonite) and asso- ,
ciated porphyritic quartz monzonite dikes were intruded as a 7-km deep section. _.4
This rock sequence was deeply eroded (2 km) in late Mesozoic to early Tertiary

times, and left a high-relief terrain with 0.5 km (2000 ft) peaks. Upon this I
rough terrain were ]aid a thick series of Oligocene and early Miocene ash-fall

turfs (ignimbrites) with a total thickness of about 2 km (7500 ft). Rotational !
tilting of the whole area occurred continuously during this deposition, so that

the orlginally-flat basal turfs (Guild Mtn. member, Tgm) now have 70° west

dips, while the uppermost (Miocene) hornblende andesite ruffs of Lincoln Flat
(Tha) dip only 20-30° west (Proffett & Proffett, 1976).

SignlfJcantly for this remote-sensing application, south of the Singatse
Fault, in the Ann Mason area, the originally vertical section through the

porphyry-copper "plumbing" is now displayed in a near-horizontal outcrop. Top
. I is to the WNW, the base is to the ESE, and over 5 km (16,000 ft) of almost

[ continuous outcrop traverses the Singatse Range.

%
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OF POOR QUALITY

b

AIS IMAGERY, YERINGTON,NV, 28 JULY 1984

t

FIGURE 1. _per} Display of 80 channels, each of 80 flight
11nes, for Run 407, commencing at line 750. Top left
is channel 48 (1.60_m). Left to right covers 20
channels, each differing by 9.3nm. Notice lower right
set commences at CH108 (2.15um). Targets are blacker
in CH110-118,reaching a maximum around CH 114 (2.206um).
Flight data over Yerington,NV,taken 28 July, 1984

' (Lower Left pair). Displays of 80 line segments, for
channels 14 (1.275um) and 114 (2.206um)_ respectively,
at 2x enlargement on the CRT. Notice specific pixels A-F.

. (Lower right _air) 4.x enlargements of the lower
_i port,on of-the-scene, showlng localities C-F. Black on

i channel 114 is indicative of O-H absorptions, probably

due to sericite alteration products.
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AIS IMAGERY, YERINGTON,NV, 28 JULY 1984

!

FIGURE 2. (Upper) COLBY Portable computer, as used for the field
analysis of AIS flight data (Demonstrated at JPL AIS _'
Workshop, 4/85). Present image on 16-1evel gray
scale (Amber) is of a U-2 TMS image, over Yerington,NV. _.
Black area is the water-filled old pit, white areas are _
the dumps of q.monzonite used for AIS calibration.

ILower) AIS image of CH 114 (2.206_m), wherein O-H
aSso_ptions are black, showing the pixel-by-pixel
analysis, and their associated spectra. Originals are
colored in seven colors. Notice the variability of the
O-H absorptlons, in detail.

%
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Ann Ha_on Area

M. Einaudi and his students (Einaudi, 1977; Carten, 1981; Harris and

Einaudi, 1982) studied the area in great detail, during the period 1975-1982.
The recent extensive mineralogical study of J. Dilles (Ph.D thesis, 1983), how-

ever, provides most of the background materials for the AIS flight-calibratl)n
mineralegies.

U-2 TMS Flights - 1983-85

Although the Stanford Remote Sensing Lab (SRSL) has been studying these

sites since 1972 (SKYLAB), the major breakthrough occurred with the acquisition

of the 12-channel (TMS) digital imagery over the Singatse Ra., in April 1983.
For the first time it was possible to locate "clay-alteration" areas (O-H bond

absorptions, near 2.2 pm) in spatlally-coherent patches with the expected
locations and trends observed in our fieldwork. Both the Ann Mason (Singatse

Peak) and the northern MacArthur areas were imaged in a single 30,O00-wide
strip down the length of the Singatse Ra.

These imaged data were shown to John Dilles in that month, as he was

completing his Ph.D thesis research (Dilles, 1983). He confirmed that the

1.6/2.2-pm "anomalies" indeed very closely maped his "Late-Stage" altera-
tion, identified from thin-section and XPD studies as tourmallne-sericite-

pyrite assemblages. In addition we feel, ihat by careful matching of these,

1983 ratio-images showed the possible detection of this even-more subtle
pota_sic (hydrothermal) alteration (chlorite-hydroblotite) which occurred

lower (deeper) into the original dike swarm, below the late-stage (geothermal)

sericite-pyrite capping.

AIS-Flight, 28 JulX 198&

After three clouded-out attempts the NASA/ARC C130 was able to gather
12B-channel spectral images over five specially designed flight runs, each 700

ft wide, crossing the previously identified "clay anomalies". Two lines (407,

409) paralleled the WNW trend of the dike swarms, flying up the "plumbing sys-
tem" of the mineralization, from the base to the top of the erosion surface.

Another line (#410) crossed these at right angles over the sericite-pyrite "_.
' zone, while (#408) traversed close to (but unfortunately not over) the

MacArthur deposits to the north.

Pre-Processing of the AIS Data

Our SRSL-AIS pre-processing package consists of three units;

AIS2 - a program which accesses the 1600 BPI, 9-track CCT tapes,

images a &00-1ine segment, displaying 16 adjacent wavelength bands,

so that one can identify locations on the left and right margins of

the flight on the associated 35n_nB/W photographs (roughly along the
center third of the prints). In a second part of the program, files

may be created for the any 80 lines of the scene, 128-channels deep,
on to the COLBY (IBM/XT) 10-Mb hard disk. These files are given the
extension *.AIS.
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i'
: _DYAIS - the next program which forms the mein pre-processing step "_

i in the SRSL package. The program presently operates only on the

- 80-1ine segment (later to be the wholp f,ight line of approximately

2000 lines), and performs the following steos;

, (i) Takes natural logarithms of all the imagery digital data

(ii) AVERAGES all wavelengths for a given pixe_, to yield a single
: scalar (A)

(iii) AVERAGES all pixels for a given wavelength pl_ne (80x32), for
- 128 planes, yielding a 128-element vector (H-bar)

(iv) AVERAGES all the H-bars to give a single (global) scalar (G). )
i

For each pixel of the imaK@, the program takes its given LOG-DIGITAL

e NUMBER (Log-DN), subtracts in turn its H-BAR, subtracts A, and adds -*

G-BAR. The resultant LOG RESIDUAL (R) is saved as the final

"SPECTRAL-IMAGE" set, designated *.NDY.

DESTAIS - cleans up the vertical strij_j_, by forcing each of the _
32 detector elements (vertical lines on the image displays) to have _

the same area-under-the-curve. This is performed 128 times, once i
on each image plane. The resultant file is designated *.DES, _,

Display Programs for the AIS-Ima_=_ery

The AIS-display package consists of three units: _ )

a. MULTI - presents 80 channels, for 80 image lines, starting at

: channel N = l,,4q, in a single selected linear stretch for all 80 _ i

channels. (See Figure I: upper, for IX, and lower, for 2X and 4X _

enlargements, to show specific localities. Pixel size is 8X8 m.)

b. TVAIS - (or CATS, on the B/W field unit.) The user selects any one .'

channel (N = i,,128) for display at a 4X scale. ANY of the pixels

are cursor selectable, and alongside the indicated pixel either a

color-coded residual is shown as a horizontal "color-bar", or the .i_

spectrum of the log-residual is graphed in one of seven colors, as

a graphics plot. (See Figure 2: lower.)

: c. ANDY - (or CANDY, on the B_/W field uT_it.) A version of TVAIS to "

color-plot, or color-code, any digitized s_qqtru_, for n = 128, or

25b data points, as from a published database, field spectra from

the flight lines, etc. %,

STATUS 4

Results are shown for such an 80-1ine segment, showing the identification ._

of an O-H bearing mineral group (of slightly varying specific characters) on" _ the flight llne. (See Figure 2: lower .) Active studies are in progress, the

completion of which are entirely dependent upon available funding.
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N86"11622
PRELIMINARY ANALYSIS OF AIS SPECTRAL DATA ACQUIRED FROM SEMI-ARID SHRUB

COMMUNITIES IN THE OWENS VALLEY, CALIFORNIA

SUSAN L. USTIN, Department of Botany, University of California,

Berkeley, CA 94720, USA; BARRETT N. ROCK, Jet Propulsion Laboratory,

Pasadena, CA 91109, USA '

ABSTRACT

Spectral characteristics of semi-arid plant

communities were examined using 128 channel AIS data

acquired on October 30, 1984. Both field and AIS

spectra of vegetation were relatively featureless and

differed from substrate spectra primarily in albedo.

Unvegetated sand dunes were examined to assess spectral

variation resulting from topographic irregularity, i

Although shrub cover as low as 10% could be detected on 1
I

relatively flat surfaces, such differences were obscured

in more heterogeneous terrain. Sagebrush-covered fans _

which had been scarred by fire were studied to determine

the effect of changes in plant density on reflectance.
J

Despite noise in the atmospherically corrected spectra, _
these provide better resolution of differences in plant

d_nsity than spectra which are solar-correcLed only. A |

high negat_re correlation was found between reflectance i
and plant cocer in areas which had unifo_ substrates and l
vegetation t_pes. A lower correlation was found where s

vegetation and substra_ev were more diverse. Thus

shadows caused by substrate roughness or plant canopies }

also appear to hav_ an important effect on brightness,
making predictions tro a spectre! characteristics diffi-

cult. Spectra obtained during periods of active plant

growth may be more useful in vegetation studies.

INTRODUCTION "_

High spectral re_olution imaging spectrometers such as AIS have

potential for identification of minerals and plants based on the unique Ii

absorption features of their spectra. For ecologists, this may lead to I

new ways of studying and monitoring ecosystem processes, detecting

environmental stresses, and measuring plant productivity. These

instruments are also of considerable interest to exploration geologists

working in arid and seml-arid regions, since in such areas the

interpretative problems arising from mixed spectral reflectances should

be minimal, due to the relatively low vegetation cover.

The primary objectives of our study are to evaluate the

importance of vegetation in mixed pixel AIS data from representative

semi-arid shrub communities, to assess dynamic changes in spectral

features of vegetation over the year, and to develop methods by which the

spectra of vegetation and substrate may be separated.

41
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Owens Valley, CA was chosen as a test site because it has a diverse

combination of plant communities and substrate types. A creosote bush

: co,unity, typical of the warmer MoJave desert, extends into the
southern end of Owens Valley on alluvial fan skirts from the Sierra

Nevada to the west and the Inyo Mountains to the east. Vegetation on

fans farther north is more typical of the Great Basin sagebrush
community. Saltbush communities are found on the valley floor and on
other alkaline soils. Major geologic units in the surrounding areas are
Mesozoic granitic intrusives, Tertiary volcanics (primarily basalts),
and Paleozoic sediments. Differences in plant density and species

diversity exist within the various substrate types, offering the

opportunity to examine the impact of vegetation on spectral character-
.. istlcs.

AIS DATA AND CALIBRATION PROCEDURES

• At present, we have had three flights over our study sites, on
July I0 and October 30, 1984 and April 2, 1985. All flights obtained 128

channel AIS data, most of them in the "rock" grating position mode, 1.21-

,: 2.40 _m (Vane et al., 1983). For comparison, on some flights data from
one llne were recorded tn the "tree" mode, ca. 0.85-2.10 _m. Thematic

- Mapper Simulator (NSO01) imagery, Nikon black and white photographs,

, Zelss color infrared images, and ground track videotapes were collected

simultaneously. !
Data reported here are entirely from the October overflight.

". The data acquired in July are of questionable value due to a high

concentration of smoke from a large brush fire in Sequoia National Park

to the west of Owens Valley. However, preliminary examination of these i
data supports the observations and conclusions of this report.

The October 30, 1984 flight occurred at 1145-1245 hours PST, on a

cloud-free day. Mean flight altitude was 5.25 km above the terrain,
with an instantaneous field of view of about i0 m. Data were analysed on

a VAX/IDIMS system using the SPAM (Spectral Analysis Manager) package

developed by the Jet Propulsion l,aboratory. Prior to data analysis, a

solar irradlance correction was applied to compensate for brightness
variation with wavelength in the solar spectrum. We compared results of _

this correction with those of two additional methods for removing

atmospheric absorptance effects: a "flat field" method ratloing pixel
reflectances by the mean reflectance obtained from a 32 by 50 plxel area

Judged to be spectrally and spatially homogeneous, and a theoretically

based correction algorithm (J. Solomon, personal communication) which

ratios each plxel reflectance by the mean reflectance along the flight
llne for each channel.

RESULTS AND DISCUSSION

Coinciding with the October overflight, we performed an

; experiment with a Collins Visible Infrared Intelligent Spectrometer
,_ (VIRIS) to examine the effect of spectral mixing at dlfferenc distances

_i above the plant and soil surfaces. When the spectrometer was close to

the canopy, the spectral pattern was distinctively plant-shaped;however, this pattern was progressively damped out as distance increased

(Ustin et al., 1985). This response appears to be due to shadows within

the canopy branches and the increasing contribution of sand to the

i .
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_' spectra. From this we conclude that the influence of vegetation in
_ October AIS data would be most evident in albedo effects.
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• , _1 i._ i.51 1._ I _ I._ _.tO Z._ 2.40 I._1 i._ t.St i._ I._ I._ 2.10 2._ 2._ i_ _LE_TH (Hl_R()14_) _L_Th(_|_H_)

Fig. I. AIS sand spectra with (a) flat field correction and (b) +
theoretically based atmospheric correction. Curve 1 Is sunlit dune, 2 .

shaded aspect, 3 a flat surface.

Data from an unvegetated sand dune region show that topographic
: _ differences, such as changes in slope and aspect, confound tnterpreta- t

+ tlons of even atmospherically corrected spectra. Figure I shows data

from the same 3-by-3 pixel areas using the flat field correction (la) apd

the atmospheric cor_ectlon (Ib). Curve i is from the _unllt side of a _i i

dune, curve z from the shaded side, and curve 3 from a flat surface

normal to the AIS (curve 4 in la, from the shaded side of another dune,

is not shown on Ib). From these and other curves, it appears that both

• correction methods yield comparable results, although the digital number

_- (dn) values depend on the method of correction. _e curves are

featureless and esse_tially flat or slightly increasl_g across the

spectrum, as expected for quartz sands. At another area which was ',_

studied In detail, we could distinguish a saltbush vegetation cover of _

only 10% (based on ground transects) from a non-vegetated uniform sandy 1

surface of similar slope, because of brightness differences. However, + I

these differences were within the dn range seen in Figure 1 on the two i

aspects of the same sand dune. During spring, greater divergence in

spectral response curves between vegetation and substrate may provide a

less ambiguous basis for their distinction. +_

Spectral data in Figure 1 and In Figures 2 and 3, from the Symmes '_?
Creek and Division Creek sites on fans on the west slde of the valley,
all show considerable noise, making identification of ah_orptlon

features difficult or impossible. We found that omttttn_ the water

absorptance bands and replottlng portions of the spectra (e.R., 2.I0-

I 2.40 _m) reduced the apparent noise in the atmospherically corrected

spectra. Still less noise is evident in data to which only the solar
:_ correction was applied (Figt "o 2a), but the differences between spectra

+ from different areas within sites are less than In spectra corrected for

I both solar and atmospheric effects (Figure 2).
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Fig. 2. AIS spectra (a) without atmospheric correction and (b)
with atmospheric correction. Spectra 1 and 2 are from an area which had
been burned, spectra 3 and 4 the non-burned vegetation.
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Fig. 3. AIS spectra from surfaces which differ in plan_ cover
and substrate. Spectrum 1 is from burned alluvium, 2 burned basalt, 3 g.

: non-burned alluvium, 4 non-burned basalt, and 5 non-vegetated basalt.

Despite the greater noise in data with the atmospheric
correction, they show clear differences related to vegetation cover. At

Symmes Creek (Figure 2), alluvial substrates are essentially homogeneous

and spectral differences relate to an abrupt change in vegetation

density due to a brush fire which removed the plant cover in 1977. The
upper two curves in 2a and 2b are from the barned area, which has a total
plant cover of 23Z including litter. The lower two curves are from the
surrounding undisturbed sagebrush community, which has 46Z cover.

" Reflectance differences between these two areas, assuming the curves are

flat and using the dn value at 1.2l _m from randomly chosen 3-by-3 plxels
(n-18 and 15 on and off the burn, respectively), are statistically

." significant (ANOVA, p<.O001).

aa
%
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We also measured plant density on and off burns at two other

sites near Symmes Creek. Burns at these sites were much older (pre-

1947) and bad gr_rpr plant densities, but adjacent unburned areas did

not vary signlflcantly in cover, Twelve to 15 spectral curves were

obtained from randomly chosen 3-by-3 pixels within each of these a eas.

As described above, curves from each area were averaged and compared with

plant cover, which ranges from 23 to 48 %. A linear regressloo of mean

dn from all three sites with mean total plant cover produced a negative

correlation coefficient of 95 % (n-6). Thus, shrub cover has a

conslstent effect in lowering substrate albedo, and the amount of change

is related to plant density. _ t

At Division Creek, a similar sagebrush community occurs on both +

i a granitic alluvial substrate and a basalt flow. In 1982, a f_re removed
the vegetation across both substrates. Curves in Figure 3 are

representative of 12-16 reflectance spectra from each of these surfaces. +

The upper curve (i) is from the bur,_ed alluvial surface, which has a 9 %

plant cover, nearly all of which consists of herbaceous dtcot litter at _+
i

this season. The next curve (2) is from the burned basalt, which has a : I
surprisingly high reflectance. It has a high cover, 52 %_ almost all of j

which is grass litter. Curve_ 3 and 4 are from the non-burned areas on +_

the alluvial and basalt substrates, which supFort a similar shrub +z

community with covers of 64 % and 45 %. The lowest curve (5) is from a r

non-vegetated basalt outcrop. Although there is a good correlation of +,
dn with cover (71%), it Is lower than that from the other burns. This J

probably reflects the greater substrate roughness on the basalt flow and

differences in physiognomy (shrub vs. herbaceous). Thus, although the

amount of plant cover t_ clearly the major determinant of reflectance,

shadows caused by plant canopies and substrate ro_hness _ay also he an _

important source of albedo variation. The presence of vegetation

reduces the differences tn reflectance between the two substrate_, thu_ _

J

masking any geologic absorption features. Although this feature is

somewhat difficult to detect in curve (I), other curves from the burned

alluvial surface clearly show a hydroxyl absorba,me of presumed ._
substrate origin, at 2.19 ;_m, aqd which was coqflrmed b_ field VIRIS _ +
spectra. This feature is absent in all AIS d_ta from surfaces with !greater plant cover.
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__ AIS SPECTRA FOR STRESSED AND UNSTRESSED PLANT COMMUNITIES IN THE

i,_ CAROLINA SLATE BELT

DIANE E. WICKLAND, Jet Propulsion Laboratory, California Institute of

;i Technology, USAi
_ ABSTRACT

_.! Airborne imaging spectrometer (AIS) data were collected over a

number of derelict heavy metal mine sites in the Carolina slate belt of

_ North Carolina. A 32 channel (1156 - 1456 nm) data set was acquired in

!_ October, 1983 at the time of peak fall foliage display, and a 128

: channel (1220 - 2420) data set was acquired near the end of the spring

leaf flush in May, 1984. Spectral curves were extracted from the AIS

"i data for differing ground cover types (e.g., pine forests, mixed decid-
uous forests, mine sites, and pastures). Variation in the width of an

"; absorption feature located at approximately 1190 nm has been related to

i differences in forest type. Small differences in the location and

shape of features in the near infrared plateau (1156 - 1300 nm) and the

region 2000 - P420 nm have yet to be evaluated. Because these varia-

tions #ere subtle, and because atmospheric effects were apparent in the

i data, high priority must be assigned to devising a means of removing
atmospheric effects from AIS spectra.

INTRODUCTION

Lxtensive ecological studies of vegetation on and near derelict

heavy metal mine sites in the Carolina slate belt of the North Carolina

Piedmont (Wickland, 1983) prompted a remote sensing study of the area

(Wickland, 1984). The main objective of the remote sensing study was

to attempt to identify spectral charactistics of vegetation related to

the type of stress the vegetation was experiencing. Airborne imaging
* spectrometer (AIS) data were acquired as part of this study because

high spectral resolution data seemed to have great potential for "_.

uniquely identifying stress factors. Two AIS data sets were acquired.

In October, 1983, at the time of peak fall foliage display, a 32

i channel (1156 - 1456 nm) data set was acquired for 6 flightlines. In

May, 1984, near the end of the spring leaf flush, a 128 channel data
: set (1220 - 2420 nm) was acquired for 4 flightlines.

METHODS OF DATA ANALYSIS

For the 32 channel fall data set, raw, logged data (i.e., neither

atmospheric nor solar irradiance corrections were applied) were subjec-

ted to the Walsh-Nadam_,d transformation and Principal Components anal-

ysis. Color composites of the first three components from both trans-
formations provided essentially the same information, but the color

contrast in the principal components image was somewhat more pleasing.

Spectra were extracted from the raw data using the program ISCAN.

Vertical striping was evident in the fall imagery, and the imagery
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lacked crispness due to hazy skies at the the time of acquisition. _

For the 128 channel spring data set, the raw, logged data were
subjected to a correction for the solar spectral irradiance. Again,

atmospheric effects were not removed. Ground reflectance data were

acquired at the time of the overflight for the purpose of flatfield

correction, but the flightline involved could not be logged properly.

Spectra were extracted from other flightline data sets using the

program SPAM. There was little haze at the time of the spring over-

flights, and the AIS imagery was much crisper_ Horizontal data loss
bands due to interference by the Nikon camera were visible in the

images.

i_ RESULTS AND DISCUSSION

Fall Imagery

All ground cover types discernible in color infrared photography
and Thematic Mapper Simulator imagery were clearly dietinguishable in .

the fall AIS imagery. Farm ponds in the image for a flightline in the

Virgilina area did not have the low, flat spectra expected of water in
the near infrared• Although algae or sediments in the ponds could have ,

been responsible for this difference, it seems more likely that atmos- _ :

pheric absorption and scattering were responsible

A large plantation of loblolly pine (Pinus taeda L.) and the upper
and mid-slope portions of a small ridge covered by mixed deciduous
forests were imaged in the Virgilina flightline. The top of the ridge

supported a mixed oak-hickory-pine (_uercus spp.-Caryaspp.-Pinus spp.)
forest and the mid-slope area supported a white oak-tulip poplar-sweet

gum (_uercus alb__aaL.-Liriodendrontulipifera L.-_idambar styraciflua !
L.) forest. All spectra extracted from the pine plantation had a

broader absorption feature at approximately 1190 nm than did spectra

from the two deciduous forests. This absorption feature is in the
wavelength region of a minor water absorption band and it is not clear

whether the differences seen are due to atmospheric or plant water

content or to something else. Spectra from the mixed oak-hickory-pine _

forest often had characteristics intermediate to spectra from the pine I

plantation and the pure hardwoods stands. Typical spectra from these
forests are shown _n Figure i. "_ _i

It was readily apparent that the starting and e_iding wavelengths

_or this AIS data set were not the nominal 1200 and 1500 nm. Vegeta- I
tion spectra from this data set were compared with laboratory spectra,
and the starting and endi,,gwavelengths were estimated as 1156 and 1456 I

nm. The exact position of the absorption feature described above has

not been specified because of uncertainty about the exact wavelengths i
imaged. ,!

The edge of the Silver Valley lead-zinc mine was imaged in a north

to south flightline. There was a halo of slightly different coloc and

texture surrounding the mine site _n the principal components trans-
formed AIS image. Spectr_ extracted from this area were not apprccia-

bly different from those from surrounding forests of similar composi-

• tion. The spectra from the halo area had slightly higher overall ,

reflectance; this could be an indication that the _egetation near the

mine was drier than the surrounding vegetation on normal soils. _ ',
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•,>. _ImaRery _

_ Several small absorption features were noted in vegetation spectra

when previewing the spring 128 channel data. Schematic transmission
_. spectra of water vapor and carbon dioxide were superimposed on these

plant spectra to identify those atmospheric absorption features which

coincided with features in the plant spectra. Carbon dioxide bands at
1575, 1613, 196!, 2020, and 2062 nm and minor water bands at 1190,

_ 1538, 1667, and 2198 nm were evident in the plant spectra. The major

_ water absorption bands at 1400 and 1900 nm matched almost exactly on
these superimposed spectra. The water bands for water and vegetation

> " spectra were aligned with the schematic water bands, and the beginning
,_ _ and ending wavelengths were calculated to be i220 and 2420 nm. Thus,

the absorption feature at about 1900 nm noted in the fall AIS data set

could not be evaluated in the spring data set. }
Two of the spring AIS flightlines included sites imaged in the !

fall. The pine plantation and mixed deciduous forests in the Virgilina _
area were imaged; and the edge of the Silver Valley lead-zinc mine site

._ was included, this time on an east to west flightline. The main dif- i

ferences noted among the various vegetation cover types were all re- I
lated to relative reflectance. Bare fields were most reflective, _

..... deciduous forests were intermediate, and pine forests were the least __,°

_ reflective. This was also the pattern for the 1156-1456 nm fall data _ i
set. Again, the halo area around the Silver Valley mine site had a

slightly higher overall reflectance than surrounding vegetation of the J_

same type. It was not possible to evaluate small differences in plant .

spectra; they could have been due to atmospheric phenomena, noise, or _ :

actual plant differences. 'i i
CONCLUSIONS )

•" The width of an absorption feature at approximately 1900 nm was

related to differences between evergreen and deciduous forest types in _

the fall AIS data set. Because atmospheric effects have not been

removed from the data, no further conclusions could be made. Removal _of atmospheric effects, due to both gases and particulates, must be an

important priority for future analysis of AIS data sets. _
To successfully evaluate differences in vegetatior spectra, which

are often small and subtle, new techniques for spectral analysis are I
needed. Those which have been successfully applied to mineral spectra !
do not work with vegetation spectra. Clever use of absolute reflec- I

tance could be useful. A library of plant reflectance spectra should

be prepared. Spectra for plant chemical constituents, such as cellu-

lose, lignin, proteins, and oils, should be included. Mixing models

using some of these spectra could yield insights about the nature of ,_
vegetation spectra. Also, more study of plant spectral response in the

laboratory and the field seems to be necessary before understanding of
remotely sensed vegetation spectra will be achieved.
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5PECIRAL CHAR_IERIZ_IION OF SUSPECTED ACID DEPOSITION DHMAOE IN RED

SPRUCE (_!_B_ _B_ ) SI_NDS FROM VERMONI

J_MES E. VUbELM_NN end B_RRETI N. ROCk, Oet Propulslon Laboratory,

C_liiorn_ Ir,stltute of lecl_nolog/, Pasadena, [R gllOg, USM

_BBIRACT

In an attempt to demonstrate the utility of remote

sensing systems to monitor sites of suspected acid rain

deposition damage, intensive field acti_itles, coupled
with aircraft overflights, were centered on red spruce

stands in Vermont durlr,g August and September of I_84.
I

Remote sensing data were acquired using the A_rborne

Imaging Spectrometer, Thematic Mapper Simulator, Barnes

Model 12-1900 Modular Multiband Radiometer and Spect_on
Engineering Spectrometer (the former two flown or, the

!

NASA C-130; the latter two on a Bell UH-IB Iroquois

Helicopter). Field spectral data were acquired during
the week of the Auqust o/erflights usino a hlgh spectral l

resolution spectrometer and two broad-band radiometers. !

Pre!imlnarf anal/ses o{ these d_ta indicate 8 number o_

spectral differences Jr,vegetation between highand Ic,w
damage sites. Some of these differences ere subtle, and

are observable onl_ with high spectral resolution sen--

sors; others are less subtle and _re observable _slng

broad-band sensors, i

INIPODUCTION i

Since 1965, red spruce (P1_e_ E,2tLen_Sarg. _ has shown _ marked _ i
decline in v_qor in the high elevation spruce-fir forests of northeast-

ern United States Siccam_. e 1982; Vogeimann, et al., ig85_.

Other members of the montane forest, including sugar maple (_cer
saccharum Marsh._, mountain maple _H _Icafum Lam I sSriped m_ple _H.

Q_D_._£_ L. , white blrch IBetula Q_Q_'Et!_ Marsh. _ar.

£_[!_ (Regal Fern.) and balsam fir (Ables balsame_ IL.) Mill.l

have experienced less dramatic declines throughout this t_me period "w.
(Vogelmann, st al., I_85_. Although the specific cause o_ the forest
decline has been disputed, there is mounting evidence that high inputs
of air pollutants into high ele_atlon forests are a significant facto-.

Camels Hump Mountain, located in the Green Mountains of northern

Vermont, was chosen as a study area for the current _n_est_gotion be-
cause of (al the presence of an extensive date base (Siccama, ig741,

(b) the marked _egetat_onal dam@ge symptom_ apparent, especially in red

spruce (Siccama, et al., Ig82; Vogelmann, et al., I_85_, and _c) the

Influ4 of high levels of air pollutants into the region (Scherbatskoy
and Bliss, I_B4). In addition, Mount Ascutnev, located in the laconic

Mountains of southeastern _ermort, _nd sites in R_pton, Vermont were
included _n the study.

The overall objectlve of this study is to correlate verlous levels ..

of forest decline tpresumably caused or e,:acerbated by the ir,flu_ o_

pollutants into the high elevation ecosystem_ with remote sensing data.
Some specific goals are as follows: (al determine what levels o+ forest (
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damage can be detected using spectral data; (b) determine whlch remote l
sensing systems are most useful/appropriate for contlnuing _,tudy of the

problem; (c) determine the feasibility of using remote sensing to
monitor forests through tlme, and d) determine if spectral data will

provide insight into the nature of the foresf decline (e.g. heavy metal

stress, water stress).

MATERIALS AND METHODS

_ _!_: A total of 12 spruce stands, includlng seven from Camels

Hump Mountaln, three from Mount Ascutney, and two from Ripton are
_ncluded _n this study. These reprsent a gradlent to h_gh

levels of damage. A "high damage" slte and a "medium damage" slte on I

Camels Hump and a "low damage" site from Ripton were selected for more

extensive stL,dy using Scholander pressure bombs and portable field
spectrometers and radiometers.

_g_ L_z_! _z_[_!_O: Percentage red spruce and balsam fir damage

and mortallty estimates were calculated separately at each slte. i
Damage estimates were based upon the amount of red spruce follar damage
(i.e. percentage of needles missing from the live crown) visually

apparent.

E!_!_ _ME_B_D_: Field spectral data were acquired from cl_pped i

sunlit branches w_th needles from a high damage site and a low damage _
site using the V_slble!infrared Intell_gent Spectrometer (VIRIS). This i
_s a high spectral resolution sensor w_th spectral coverage from 0.4 to

2.5 n_icrons. S_multaneous wlth field spectral data acquls_t_on, '_ylem I

water column tension was measured using Scholander pressure bombs. I

_!C_ _ _9[_!_0: The sensors onboard the C-130 included the

JPL A_rborne Imaging Spectrometer (AIS_, the NS-001 Thematic Mapper ' i
S_mulator (TMS) and aerial photographic cameras. Study s_tes on Camels

Hump Mountain and Mount Ascrtney were flown on August 17, 1984 about
4.8 km above the ground. S tes were reflown on September 8, 1984 due

to a malfunction of the AIS instument dur:ng the earlier overflight.

AIS data were acquired using the "tree mode" w_th spectral coverage

ranging from approximately 0.9 to 2.1 microns.
On August 17, 1984, a Bell UH-IB Iroquois hellcoptor was used to

collect spectral data over four sites on Camels Hump. The instrument

package onboard included a Spectron Engineering spectrometer (5E-590), !
a Barnes Model 12-1000 MMR radiometer, and various cameras.

See Rock, et al. (1985) for more d_scL,sslon regardi_g the above

procedures/instrumentation.
I

RESULTS AND DISCUSSION

_g_ _[ _[_0: Spruc_ stands showed mar_ed dlfferences in

, levels of follar damage (see Rock, et al., 19B5 , for numerical esti_

mates of damage). At Camels Hump, percentage mortal_ty closely paral-
leled damage values, ranging from 0.6 to 31.1%. The damage levels for

, the Camels Hum_ sites are highly correlated w_th elevation (r==0.90),
with the most damaged sites located at relatively high elevations, and

i the least damaged sites located at relatively low elevations.
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Balsam flr damage also showed marked differences In levels of

damage _see Rock, et al., 1985_. There _s a good correlation between

fir damage and spruce damage (r==u.B8_--those sltes wlth the hlghest

| spruce damage values also have the high_st fir damage values; those
_| sites wlth the lowest spruce damage values also have the lowe_t fir
T damage values.

_R_E_I _i '£!_!__0_ _g_CJ: Field spectral curves from rspresenta-tlve spruce samples from high and low damage sites (acqulred by the

!_ VIRIS) indlcate the followlng: I) A sllghtly reduced absorption at
! approx2mately 0.68 mlcrons charcterlze_ spectral curves from the high

i_ damage slte. 2_ Ihe chlorophyll absorption maximum located at about
0.6_ to 0.68 microns is at a slightly shorter wavelength for the high
damage site I,.e., the "blue sh_ft"). 3_ Spectra from the hlgh damage

_ site have a reduced reflectance along t_,eNIR plateau. 4) Ratios of i
the amplitudes of spectral reflectance maxima between near 1.2o and
1.65 m_crons are different for the two sites (see below).

i Hellcoptor SE-590 data from a hlgh damage slte and a medium damage

i slte Independently confirmed the reduced absorption and the "blue

sh_ft" of fhe chlorophyll absorption feature at n.o8 microns for vega- I

tatlon at the more highly damaqed site. However, In contrast to the

fleld spectral data, heIicoptor-acqulred spectra from the more highl,

i! damaged slte had an Increased re_lectance along the NIR plateau. Th_s i

apparent discrepancy _s thought to be a function of the Increased
presence of highly reflective broadleaved species which invade the hlgh

damage s_tes as the canopy becomes more open.
The above Informetlon indicates that broad-band sensors such as

TM/TMS are most appropriate for detecting certain vegetative spectral I

differences between sites of di(ferent damage levels. However, high

spectral resolution sensors such as AVIRIS will be needed to detect the

' subtle sh_ft to shorter wavelengths In the chlorophyll absorption _' i
feature (O.bB mlcrons_ _n stressed vegetation.

!_ _Z_ _ _k_O _ B_E _E_l The relative heights of
spectral reflectance maxima near 1.26 and 1.65 microns provide an ac-

curate indlcat_on nf leaf water content (Rohde and O/son, 1971; Goet:, i
et al., 19e3). The rat_o of the the 1.65 micron reflectance divided by
the 1.26 micron reflectance is herein referred to as the Moisture _

Stress Index _MSI_. As vegetation dries, this ratio increases and

approaches 1.n.

NS-O01 TMS bands 6 and 5 contain the 1.05 and 1.26 micron regions, I
respectively. Thus, TMS 6/5 ratios are the broad-band equivalent of i

i the MS/ ratios. TMS 615 ratios were obtained from approximately 100 '

I pixels at each of the seven Camels Hump s_tes using the September oata
i set. Suspected rocky and/or deciduous areas were excluded from thls

analys_s, such that comparisons are among mostl_ coniferous areas.

1 Results from thls analysis indicate that TMS 615 ratios correlate well

with s_te damage values (r==O.90--as damage increases, site 6 5 ratios

. _ also increase (see Figure 1)_

i _J_ _ _0_!_ AIS data were acquired from four study sites from

_amels Hump and two from Mount Ascutney. As expected, spectra from

¢_ coniferous areas had markedly lower DN values than those from deciduous

areas (see Figure 2). No obvious spectral differences were seen be-

tween hlgh damage and low damage sites. Attempts to atmospherically
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correct the data using a program developed by Jerry Solomon (JPL) did
not appear to work since it dramatically decreased the already iow :-
coniferous ON values such that zntepretatzon of spectra became diffi-
cult.

l._ i l l w i 'w _ w
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:. Fzgure I. Red spruce damage versus ratlos of TMS bands 6/5 for ; [

seven sites on Camels Hump Mountain, Vermont. _ .
!
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I

0._ 1._ $._ 1._ 1._ 1._ I._ t._ |.10

Figure 2. AIS spectra for deciduous areas (top two spectral versus
coniferous areas (bottom two spectra) from Camels Hump
Mountain, Vermont. Each spectrum represents an average
of 400 pzxels.

) Using AIS data, MSI values were calculated from spectra of 2x2

piwels from each study site. Resulto from the four Camels Hump sites '
_ were compared with site damage levels and rHS _/5 ratios _Table l). ;;

} The site with the lowest TMS 6/5 ratio (I.e.) the one showing the least

l amount of water stress) also has the lowest HSI value. Similarly, thp _
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site with the hlghest TMS b.5 ratio (i,e., the one showlng the h_ghest

amount of water _tress) also has the hlghest MSI _lue. However, the

two sites wlth medium low and medlum nlgh TMfi 615 ratios (Camels Hump 2

_" end 5, respectlveJy) have very similar MSI val,.s. Thus, there Is

_' some_ but not complete aqreement between IMS end AIS resutts.
E
'_" Table I. Comparison of _orest damage, ;MS 6/5 ratios, and

• _; AIS 1.65 mlcronll.26 micron (MSI; ratios _or foyer

sltes Srom Camels Hump Moun_aln, Vermont.

PERC_TAGE RATIOOF RATIOOFAI S

• _ SI_ SPRUCE TMSBANDS 1.65_m P_K _"

! DAMAGE 615 1.26_m P_K

CAMELSHUMP ] ]l.B ].004 _ 0.022 0./87 i 0.0_

_: _ CAMPS HUMP2 1].9 1.0}6 ± 0.0_ 0.819 ± 0.040
5
- CAMffS HUmP 5 61.2 1._7 ± 0.047 0.815 ± 0.0_

ii CAMPS HUMP 7 ?6.0 1.216 i 0.0_ 0.856 _ 0._9

_IS data were al_o analysed using a cross-band co, rel_tlon anal_-

" sls. Fhls technlque is dlscussed b/ Vern Vanderbllt eJsewhere in these

proceedings. No evldence was found for subtle dlfferenzes _xlst_ng be-

tween h_gh damage and low damage slte_ u_ng this method. Howe_er, It

_s felt that th_s approach will have much potential _n detecting subtle

spectral d_fferences when they e'_st _n future studies, espec_all_ when

AIS _nstrument no_se problems become mitigated.

m
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A FIRST LOOK AT AIRBORNE IMAGING SPECTROMETER (AIS) DATA IN AN AREA OF

ALTERED VOLCANIC ROCKS AND CARBONATE FORHATIONS, HOT CREEK RANGE, SO,_fH

, CENTRAL NEVADA
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NV, USA; JAMES V. TARANIK, Mackay School of Mines, University of Nevada,
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ABSTRACT

Three flight lines of Airborne Imaging Spectrometer (AIS) data were

. collected in 128 bands between 1.2 and 2.4 _m in the Hot Creek Range,

Nevada on 3uly 25, 1984. The flight lines are underlain by hydro-
thezmally allured and unaltered Paleozoic carbonates and Tertiary rhyo-

, litic to latitic volcanics in the Tybo mining district. i

The original project objectives were to discriminate carbonate

_ rocks from other rock types, to distinguish limestone from dolomite, and (1
to discriminate carbonate units from each other using AIS imagery.

'. Because of high cloud cover over the prime carbonate Flight line and
beca_me of the acquisition of another flight line in altered and unal-

_ tared volcanics, the study has been extended to the discrimination of

, alteration products.
In an area of altered and unaltered rhyolites and latites in Red i

Rock Canyon, altered and unaltered rock could be discriminated from each

other using spectral features in the i•16 to 2•34 um range. The altered !
spectral signatureg resembled montmorillonite and kaolinite Field sFm- 1• t

: pies were gathered and the presence of montnlorillonite was confirmed by !
x-ray analysis.

INTRODUCTION

Three Flight lines of Airborne Imaging Spectrometer (AIS) data be-

tween 1.2 to 2.4 um wavelengths were acquired in the Hot Kr]ek Range in

south central Nevada (Figure I) From a NASA C-130 aircraft on 3uly 25,
1984 at an average of 19,000 feet above mean terrain. Thematlc Mapper

Simulator (NSOOI) imagery, Nikon black and white photographs, and Zeias -.._

color photographs were collected simultaneously. The proposed flight

lines are shown as dashed lines in Figure i and the actual flight lines

are shown _s solid lines. The Flight lines were design.d to include as
many different carhcnatv formatinns as possible• Four limestone forma-

tions, three dolomite formations, two shale/argillzte formations, one !

quartzite, one siltstone and three vo)e_nic units ranging in composition

From rhyolite to dacite were represented on the proposed flight lines.
The primary objective was to use the AIS imagery to discriminate between
carbonate units and other rock types, to distinguish limestone from

dolomite, and limestone formations from each other.

f
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• GEOLOGY OF THE HCT CREEK AIS SITE

In the southern Hot Creek Range approximately 7,500 feet qf Paleo-
; zoic marine carbonates, sandstones and shales are overlain by 15,IIOO

feet of Tertiary volcanics and volcaniclastics. Seventy-five percent of
the Paleozoic section consists of carbonates _Cook, 19667 Quinlivan and

Rogers, 1974). During the Devonian-MissippianAntler orogeny, western
< assemblage eugeosync_nal rocks were thrust over eastern assemblage mio-

geosyncIinaI carbonates and ciastics.
The major structuraI elements of the Hot Creek Range were formed

in Cenozoic time and they consist of a broad anticlinal arch and normal
faults. Normal faulting occurred concurrent with, and subsequent to,
the eruption of large volumes of rhyolitic ash flow turfs and minor i
amounts of intermediate lava. i

The Cenozoic normal faulting has juxtaposed Paleozoic structural
blocks adjacent to each other and to the Tertiary volcanics, and this

juxtaposition enables the collection of AIS imagery over many of the i
_ carbonate and volcanic units in a short flight distance. !
Li The project area is located in the Tybo mining district, a large '

ilI producer of silver, lead, gold and zinc prior Lo 1940 (Kleinhampl and _Ziony, 1984) with Paleozoic carbonates being the primary host rocks for
_{ mineralization. Alteration has locally affected both the carbonates and !
! the volcanics. The carbonate units have been dolomitized, silicified i

. _ and stained by ferric iron minerals, while the volcanics have been sub- !
; ject to bleaching, ailicification and argillic and propylitic altera-

_ ; tion. i
!

AIS AND ANCILLIARY DATA DESCRIPTION, QUALITY AND ANALYSIS PROCEDURE

The proposed AIS flight lines (Figure i) were designed to include ' i
• as many Paleozoic carbonate formations as possible, with the highest

concentration of carbonate units on the proposed northern line which
extends from Tybo Canyon to Rawhide Mountain.

i- As flown, one northern line passes over almost entirely altered and
unaItered volcanics and is cIoud-free. The second northern line which

passes over a high concentration of carbonate units contains 25% cloud ._cover and cloud shadows. The southern AIS flight line as flown, extends
from just east of Rawhide Mountain southeast to Warm Springs and con-
rains 17% cloud and cloud shadow cover. It passes over Tertiary vol- i
canics, Paleozoic clastic units and some carbonates. Taking into consi- !
deration the change in the location of the flight lines and the weather !_
conditions, it was decided to extend the Hot Creek AIS study to inciude
alteration in both volcanics and carbonates in additi_, to

discriminating between carbonate formations.
Thematic Mapp,r Simulator (TMS) data tapes were analyzed on _ VhX/

IDIMS system to locat_ areas of alteration as well as to enhance car-
bonate formations prior to processing the AIS tapes. <

On 3uly 25, 1984 at I_00 hours, 128 bands of AIS imagery in the Mot
Creek Range were collected in the scan mode by the sensor over four

.'_ grating positions. The calibrated wavelength range was 1.16 to 2.34 _m
,| and the band width was _pproximately 9 nm. Flight l_neu average about

ii 19,000 feet (5.8 km) above mean terrain; AIS swath width is 1200 feet

(370 m); and ground instantaneous field of view or pixei size is about
38 fee_ (12 m).
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For a first look at AIS imagery and ancilliary data, an area of al-

tered rhyolitic and latitic ash flow tufts in Rsd Rock Canyon _as

chosen. The 5x7 Nikon prints taken on the flight and as rgceived from

JPL were printed low contrast. We enlarged these to 8xlO and printed

, them high contrast as suggested by R.J.P. Lyon (personal communication).
A mask for the Nikon photos, the width of the flight line (approximately

I200 feet),was procured. The high contrast Niknn enlargements with the
mask overlay made it relatively easy to iocate position on the AIS

imagery when used in corjunction with color aerial photographs.
All 128 AIS bands in the Red Rock Canyon area were examined in

strips of 32 by 512 pixe!s. Raw dat_ and data to which a sun radiance

and an atmospheric correct on (SoIomon, 1984) had been applied, were

compared. Both in the raw bands and atmospherically corrected bands,

across-track striping is pronounced in the shorter wavelength bands but
not in the longer wavelength bands. Along-track striping is prominent

in all wavelengths of raw data as a result of uneven detector response.

The along-track striping is rot present in the atmospherically corrected

data and has been removed by the atmospheric correction algorithm. 1
AIS data were analyzed using SPAM (Spectral Analysis Manager) de-

veloped by the Jet Propulsion Laboratory (JPL). Figures 2 and 3 show

spectra of the last 32 AIS bands (2.05 to 2.34 pm) of altered and i:
unaltered rhyolitic and quartz latitic ash flow tufts from the Red Rock

Canyon area. The spectra in Figure 2 are not atmospherically corrected
while those in Figure 3 are. An absorption feature neat' 2.2 l,m can be
seen in the spectra of altered volcanics and becomes much more {

distinctive after the atmospheric correction has been applied, i
A SPAM unsupervised classification function called FIND PLOT !

searches for pixels with spectra in all 128 bands similar to those of a

specified pixel and color codes all such similar pixels on the image, i

When FIND PLOT is applied to raw AIS data and asked to find pixels

similar to those in altered or unaltered rhyolite_ the result is colored
bands coincident with the along track striping previously discussed.

This impIies that there is greater simiiarity among pixels from

individuai detectors than among pixels from similar geologic entities.

However, when the FIND PLOT function is applied to atmospherically
corrected AI5 data, a correct classification of altered and unaltered
volcanics results.

Since altered volcanics can be distinguished from unaltered vol-

canics in Red Rock Canyon, SPAM library spectra of different minerals

with absorptions near 2.2 ;_m were compared with altered rock spectra
(Figure 4) and field and laboratory data were gathered. Some AIS spectra

in the 2.2 um region had signatures that resembled kaolinite and others

had signatures that resembled montmoriIionite. AIthough AIS spectra

were examined over the entire altered area, only a limited number of

samples of altered and unaltered rock along the AIS flight line were
coilected, examined and x-rayed. A location which appeared to consist

of unaltered rock on AIS imagery proved to be a densely welded tuff

composed of quartz, plagioclase, K-feldspar and biotite. From x-ray

anaIysis, one sample from the altered area consisted of pure
montmorillonite and two others proved to contain the same minerals as
the unaltered tuff with the addition of some montmorilIionite.

I,
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CONCLUSION

ATS spectra of altered and unaltered ash flo_q turfs, with and

without atmospheric corrections applied, have been examined in the Red

Roek Canyon area. It was possible to distinguish unaltered voleanics

from altered volcanic rock with AIS spectra. Based on comparison with

library spectra, montmorillonite and kaolinite could be present and
montmorillonite was Found to be present from x-ray analysis.

Flight lines as flown, as compared to flight proposed, contain a

lower concentration of carbonate units tnan expected because of high
cloud cover. The Hot Creek AIS study has therefore been extended to

include hydrothermal alteration as well as carbonate Formations.

Over the next two years we look forward to more detai]ed studies
dealing with both carbonate formations and altered rock in the Hot Creek

Range using AIS imagery.
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ABSTRACT
A technique is outlined that tests the hypothesis that AIS image

spectra are produced by mixtures of surface materials. This technique
allows separation of AIS images into concentration images of spectral
endmembers (e.g., surface materials causirg spectral variation). Using
a spectral reference library it was possible to uniquely identify these
spectral endmembers with respect to the reference library and to
calibrate the AIS images.

INTRODUCTION

A primary objective for interpretation of multispectral images is
to identify the direct pnysical factors causing spectral variation on
the ground. We demonstrate in this paper that a spectral mixture model
makes possible the ide:itification of image spectra, assuming that there
is a linear reldticnship between image spectra and a library of refer-

J

% ence spectra. Modeling spectral mixtures reduces the dimensionality of
_ the spectral data and leads to inferences _egarding the spatial inter-

relation of spectral classes that have beel delineated using conven-
_. tional classification techniques.

Two AIS image scenes from Cuprite, Nevada were analyzed against a
reference library of laboratory spectra. The first image is from August
1983 (RUN IDI01) and the second July 1984 (RUN ID403). All analyses
were limited to the wavelength range ot 2.1 um to 2.4 _Jmcomprising 32
spectral channels. The reference library spectra were obtained from
field samples collected from the Cuprite area. They included a variety
of altered rhyolites containing opaline silica, kaolinite, and alunite,
and samples of soils, playa, desert varnish, and green and dry
vegetation. The laboratory spectra were taken using a Beckman DK2-A
spectrophotometer.

An initial objective of our analysis was to determine the spectral
endmembers and their abundances among the laboratory samples, using the _ .
method described by Smith et al. (1985). The endmembers are defined as "
those spectra from the ref_en-c-# library that when linearly combined
(linear mixture model) can form all other spectra. Endmembers must have
an abundance of I and the computed endmember abundances for all other
spectra must be between 0 and I. Based on the eigenva]ues of spectra in
the 2.1 to 2.4 _m region there are six potential endmembers among the
Cuprite samples: opaline silica, desert varnish, alunite, kaolinite, and
playa, and green vegetation. A plot of the transformed spectra by the
two primary eigenvectors is depicted in Fig. I. These plots indicate
the compositional trends for the reference samples. A major objective
is to determine to what extent the variation observed in the reference
spectra is present in the image spectra.

r_" !
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_- Fig, l,_he linear transformation of laboratory spectra of field samples i
_ onto the first two principal axes of variation, Prospective endmember ,

_'_T spectra are those nearest the outside boundaries. _ i

__

_ COMPARISONS OF NORMALIZED SPECTRA

For the image spectra we also determine how many endmembers are |

_ required to predict all other image spectra given the previously stated : i
constraints. However, unlike the laboratory spectra, the image spectra _ I
includevariation from the surface orientation, atmospheric absorption, _ |
etc. Thus, some of the endmember spectra resolved from the image may

•_ represent factors that are not associated with mixing of the spectra of _ !
the surface materials. _hree unknown spectral endmembers were found for
the 32 wavelength bands of 2.1 to 2.4 _m using the calibrated energy

normalized image of August 1983. Here, normalized spectra are computed i

by dividing each reflectance by the sum of the reflectances over the
wavelength interval of analysis. Mixtures of these image-derived
endmembers model all image spectra to nearly within the instrumental

error. Further comparisons need only consider these endmember spectra _
and their uniqueness in causing the observed spectral variation. To
compare the image spectra with the reference spectra it is necessary to J
calibrate the image data. !

To first order, we select a linear model that maps flux density _ I
measurements of the surface to reflectance measurements from a
laboratory spectrophotometer,i.e.,

(fn Rnb) (I)
Gb (DNb + Ab) = i=l

_ where Gb is the gain for band b, Ab the offset for band b, DNb is the
_ image brightness value for band b, fn the fraction of endmember n, and
_, _he reflectance of endmember n for band b. The Gh'S can be different Rnb

for each wavelength band. If the image is correctly calibrated the Gb
coefficients can be reduced to one by normalizing both image and _
reference spectra by the sum of flux densities or reflectancesover the _
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32 wavelengths. Using the 32 channels from 2.1 _m to 2.4 _m of Cuprite 'J
(August, 1983 image) an optimal solution of spectral mixtures providing
correspondence in spectra! variation between the image and the
reference library was determined to include alunite, kaolinite, and
playa silt. Using normalized spectra we could not differentiate between
the playa silt, opaline silica, or vegetation in the 2.1 to 2.4 um
range.

The use of normalized spectra with a simple calibration model does
support the hypothesis that image spectra are produced by mixtures of
surface materials. The disadvantages of this approach are that if the
attenuations are poorly corrected due to instrument-calibrationerrors
and/or atmospheric uncertainties, then solutions based on the spectral
library may be wrong• Also, much of the spectral variation is lost from
normalizing the spectra by whatever method, and thus may result in more
than a single physical explanation (i.e., reduce the uniqueness) of the
source of spectral variation. Optimally, it is desired to have a
technique that validates the atmospheric corrections and instrumental

calibration assumptions as well as providing a unique solution to the
source of spectral variation. !

ABSOLUTE SPECTRAL COMPARISONS CALIBRATED TO TWO OR MORE REFERENCE AREAS

Given laboratory measurements of representative samples, the gains !
and offsets expressed in Equation I could be calculated directly by
hypothesizing analogous image and laboratory spectra. This requires i
that pixels exist in the image that encompass spectrally pure and homo-

!
geneous areas on the ground (training areas) and that such spectra also i
exist in the reference library. To determine the gains in Equation I, f
we perform a linear search of the reference library solving for the !
attenuations (Gb) for each spectrum• For a given mixture model of n
spectral endmemBers in an image, the validity of the attenuations is i
determined from the compositional abundances and rms errors and should
ideally appear as in Table I. Note that at this point we introduce
illumination intensity (shade) as a spectral endmember (Adams et aT.,
1985).

Table I. The optimal pattern of reference and library endmember
abundances if the calculated attenuations (Gb) are valid '_

Abundance of Abundances of Image Endmember:
Reference IIIuminatTon i-
Spectra Spectrum A Spectrum B Intensity rms error

L

Sample A 1.0 0.0 0 - I 0
Sample B 0.0 1.0 0 - I 0
Sample C . . . 0 - i 0 - I 0 - i 0

For the July, 1984 uncalibrated AIS image two training areas
were selected representing a fan containing varnished rhyolites
(varnished spectrum) and "kaolinite hill" (kaolinite spectrum).
Searching the spectral reference library for the optimum calibration, as
defined above, resulted in a single solution (Table 2) that matches the
above matrix pattern. The search through the reference library included
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140 reference spectra of minerals and vegetation in addition to the (
_ ; spectra of samples collected from Cuprite. Abundances that are less

_ than zero and greater than one indicate spectral variation that is

_ greater than that of the sample for which the attenuation coefficientswere computed. The model could be changed to incorporate the reference
spectrum endmember having the greatest degree of variance, which would
result in all positlve tractions with values between zero and one,

_ similar to the ideal pattern of Table 1.

{_ Table 2. An Optimal mixture model fit of the Cuprite, Nevada (July, 1984)
uncalibrated AIS image. This model provided the best fit for the major
source of spectral variation in the image.

_ Abundance of Abundance of Image Spectra:
Reference TTlumination
Spectra Varnished Kaolinite Intensity rms error

Varnished Rhyolite #1 1.0 0.0 0.0 0.00
' Kaolinite #2 0.0 0.6 0.4 0.01
• Kaolinite #I 0.0 0.9 0.1 0.02

Varnished Rhyolite #3 1.6 -0.4 -0.2 0.01
Varnished Rhyolite #2 1.1 0,2 -0.3 0.02

:_I_ ull_nliiwl_nnunlll.llUOllnnlllnPailiUUUl--lllllUUnlluololluulilgpungunu_lui

" Unlike the example using normalized spectra, the above procedure
provides a means of calibrating an image absolutely with respect to
illumination intensity, and thus resolves the effects due to both sur-
face orientation and self-shading of surface materials. The illumina-
tion intensity is a spectral endmember analogous to the endmembers of
the surface materials. An image of the illumination intensity provides
qualitative evidence of the validity of the model by depicting topo-
graphical features. From this calibration, it was possible to determine !
that the albedo of the most likely spectral reference endmember was
associated with the playa silt. The opaline silica and vegetation

spectra that were similar to the playa when normalized are distinct and
separable when spectral variation due to illumination intensity was
removed and comparisons made on non-normalized spectra.

Vertical striping occurred in the endmember abundance images, and

is a result of assuming that all vertical lines had equal attenuation _.
coefficients (Gb). This is true to a first approximation, but for
extraction of the minor absorption features characteristicof minerals
such as alunite and kaolinite these differences in gain must be exact.
The presence of the vertlcal striping indicates the calibration proposed
by Equation I is not valid in the case of the AIS images, where each
vertical line can have a different gain and offset as well as each
wavelength band.

ABSOLUTE SPECTRAL COMPARISONS CALIBRATED TO MIXTURES OF ENDMEMBERS

i Reference (training)areas of spectrally pure materials do notalways exist on the pixel scale in an image. More typically all pixels
contain spectral mixtures. A more generalized approach requires only
that the mixture space in the spectral library exist in the image. For
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the simple case of two mixture components in an image the following ,#
equations are applicable:

Gs Gb DNelb = fla Relb + ( I - fla) Re2b (2)

Gb DNe2 = flb Relb + ( I - flb) Re2b (3)

_ is the gain for band b, Gs a gain due to differential illuminationthe image endmembers, DNe]b and DN^_ are the 16-bit image brightness
_CU

values for two spectral endmembers el and eL in the raw data AIS image,
fla and flh are the fractions of reference spectra that mix to form the
i6_ge spectra, and Re2 and Re] are the library reflectances of two
reference spectra at 5and b. -Our objective is to identify those combi-
nations of spectra in the reference library that provide a solution to
the fractions in Equations 2 and 3 and to determine how unique the
solution is with respect to the reference library. The example is based
on two spectra for simplicity; however,multiple spectra were actual|y
used. By algebraic manipulation of Equations2 and 3, one can solve for

the mineral abundances (fla and flb) independent of the udlns Gb. Since
the fractions should be constant at each wavelength for a given mixture (
of materials, the 32 wavelength bands from the AIS image allow a least !
squares fit (or coefficient of variation) to be determined for each
fraction from any combination of two library reference spectra. By
searching the spectral library using all combinations of two spectra In _
the reference library we can rank solutions by their fit to all 32
bands. For the Cuprite images this search procedure also led to the _}
spectra of kaolinite and varnished rhyolite.

It is also possible to use Equations 2 and 3 to test the assumption
that the calibration gains and offsets are spatially equ_l as well as to I'T

compute them. In the previous example we found that this assumption was i
not valid. Spatial gains and offsets can be calculated by identifying

the spectral endmembers in each line independently. For an imac_ with ' i
two spectral endmembers Equations 2 and 3 can then be applied t _olve

for the gains Gb between each line rather than between the image and the
reference library. It is not necessary that all endmembers be repre-
sented in the image spectra from line to line, but at least two of the
endmembers must be present.

CONCLUSIONS

We have demonstrated an approach using spectral mixture models and I
a spectral reference library that identifies the origin of spectral {
variation in AIS images. To make use of the spectral library it was
necessary to separate the effects of spectral variation in the image
that were not due to surface materials, e.g., illumination intensity,
atmospheric attenuation, and instrument calibratlon. The Cuprite image
was modeled successfully as spectral playa silt.,kaolinite, alunite, and
shade. These materials form spectral endmembers in the 2.1 to 2.4_m
range, whereas other samples are spectral endmembers in other wavelength
regions (e.g., green vegetation in the 0.4 to 1.1 um range).

The alignment of image and reference library spectral endmembers
provides evidence that linear spectral mixtures are applicable to or-
ganizing the high spectral-spatial resolution of ALS images, lhe
inverted approach to calibration presented here does not rely on
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statistical assumptions or local parameter uncertainties in removing
effects due to atmospheric attenuation and instrumental calibration, ana
so provides an independent test on the applied calibrations.
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EVALUATION OF AIS L_TA FOR _IC AND RASKISL_D VEGETATI_:

PRELIMINARY RESULTS _YORALK_S_f 1984 FLICHT OVER NEBRASKA SANDHIL[_
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B['.INE L. BLAD, PATRICK J. _fARKS, CYNTHIA HAYS, University of
Nebraska, Lincoln, Nebraska, USA; BRONSrAN R. _ER, Standard Oil of

Ohio, Clevelar_, Ohio, USA

ABSTRACT

Since 1978 scientists from the Center for Agricultural Meteorgl_y

and Climatology at the University of Nebraska nave been conducting
, research at the Sandhills Agricult,:ral Laboratory on tAe effects of ,

water stress on crop growth, development and yield using remote sensi_
techniques. _e have been working to develop techniques, both remote

and ground-ba___d, to monitor water stress, phenological development,

leaf area, phytcmass _roductlon and grain yields of corn, soybeans and t
sorghum. Because of the sandy soils an(]relatlvely I(_ rainfall ct the

" site it is an excellent location to stuGy water stress wiuh_it the

necessity of installing ex[yensive rainouL shelters.
, The primary o_ectives of our research _'_th the AIS data

, collected during an August 1984 flight over the _ndhills /_ricultural

Laboratory ar_ to evaluate the potential of using AIS t_: (a) discri- _.

minate crop type; (b) to detect subtle architectural ai£ferenc_ _. that

exist among different cultivars or hybrids of agronomic crops; (c) to 1
detect and quantify, if possible, the level ot water stress imposed on !

the crops; al_J (d) tO evaluate leaf a_ea and blcfnass Oifferences for i
dJ fferent crops.

MAI'ERIAL,5 AND METHOL_

AIS aata were a_liected at approxlmately 1500 h solar cim_ on

August 7, 1984. In 1984 we conducted ex[_e_iments t_n several difterent
agronc_nic crops including six different corn hybrids, s_me or which

were architecturally quit different '_'_"-'" ve<_etatlve surfaces '_

included soybeans, alfalfa, Corn grass (c_rn plantc_ into grass rather
than _re soil), rangela[_ and a recently b_rveste_ oat field.

Different water stress levels %_re ach_evc_J by n_ans ot sprinkler

irrigation. At various times duri_ the growlng season mo_%_rate to

severe levels of water stress were established on scr_ plots.

Unfortunately, about 1.2 am of rain were receiv_ the night preceding

the AIS flight so only minor differences in wa_er stress leveh_ bet' :_n
. the dlfferent plots were present at the time of the overflight.

After narrowing the AIS data to inclu(_e only that portion of the

AIS data set in the _eneral vicinity ot the research plots, frequency

_ (_istribution curves were obtained for each AIS channel. Two types of

- frequency _istribution curves _ere o_erved--one was single peaked and

the other show_d a bimodal distribution. Gray maps were produced using
a channel :_p_-o.sentingeach curve type. The gray map produced with the

bim0_al .ype curve was much more useful than the single peaked cA,rye in

pinpointing the locations of _he various plots. Some difficult% due

%
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_:_ in large measure to an ad3ustment in the flight path over the plots,
was encountered in locating the plots or. the gray map.

%_ Once the research plots and surrounding features were identified

_ frcfn the gray map, I0 pixels from each of six different vegetation

' types on the _nagery we,re selected for the discriminant analysis proce-dures. Also one pixel from each vegetation type,was selected to pro-

_ duce spectral curves. The data reported on here were not calibrated
_; except for making the radiometric corrections.

_ _ "In our study we attempted, to discriminate between the six vegeta-
_ tive ty[_s using aata frc]n the 128 AIS channels as the discriminating

variables. _ _irst used all 128 channels of data via the direct
method, i.e all variables were tested to meet a default tolerance

I .w

test. Those variables which met the requirements were then used in the
t

•_ construction o£ discriminant functions to classify each of the six
_= groups. Next we used the direct discriminant analysis procedure on

each group of 32 channels (i.e., 1-32, 33-64, 65-97 and 98-128).

Lastly, we employea a ste[_::isediscriminant analysis procedure which
_ selects indepenaent variables for entry into the analysis based on
_ their aiscriminating [_gwer (K_eeka, 1975). Of the five selection cri- i

_ teria available we selected the Wilk'_ method. This method employs the
overall multivarlate F ratio tot the test of differences among group

centroids, lhe variable which maximizes the smallest E ratio between _

pairs o£ groups also minimizes the Wilk's lambda, a measure of the

_, group alscriminatien (Kleeka, 197b).

-._ _

:_ RESULTS AND DISCUSSION
f

An ex_nination of tie spectral curves for the different vegetative _
surface_ suggests the following: (i) The curves for the cx)rn - corn !

grass are ahr_st identical in shape and magnitude except that the corn _ i

_ grass shcws slightly higher reflectance in the 1160-1307 rm range and
• some, variability in the shape of the two curves in the region £r_n
= about 1600-1710 nm. (2) The reflectance from corn was slightly less

thar. for soybeans or alfalfa for almost a± channels. Sc_ne features in
the curves ot the three crops between 1183 and ]310 r_nand from 1605 to

1775 nm suggest that fine spectral resolution aata in these regions may
be useful in discriminating bet_,een these three crops (3) The magni- "_.

_ tude of the re£1ectance from the oat stubble is consistently higher
than from any ot_er surface _hroughout the entire range or the AI_. i

This may zesult from a greater contribution of soil reflectance due to
reedced vegetative cover. High reflectance _rom this soil in TM5 and

TM7 has been previously observed. (4) Cc_npared to the corn the magni-

tude of the reflectance from the rangeland in the wavebands frc_n 1150
to 13.].0_n is less Dut from 1450-1760 nm and frown 2000-2340 r_n it is

_, higher. Features of the curves in the 1185-1310 and 1605-1710 nm

regions of the spectr_n should be examined in greater aetail _or their
' use in discriminating rangeland and oat stubble _rc_ncorn.

To this l_int, we have only been able to analyze the AIS data to

i meet objective (a). F_ature analysis is planned to meet the remaining
objectives. For the eiscriminant analysi_ procedure usin[i all 128 AIS
channels we £ou_,d that channels 1-50, 53 and 116 passed the tolerance

•_ test. []sing th_ data from these channels we achieved a 100% classiti-

:i_ cation accuracy with good separation of the different vegetative types.

k
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When we used only the first 32 channels _e achieved a classification

accuracy of about 98% with good separation of all types except for the

corn from the corn-grass. With channels 33-64 we .had a classification

accuracy of 100% and very good type separation. For channels 65-97 we

had a classification accuracy of only 72% and all except channels 65,

66, 68, 71, 74 and 83 failed the tolerance test. We achieved a 100%

classification accuracy using channels 98-128 but the separation _ _

not particularly good.

Using the stepwise discriminant proce(]ure twenty-six channels were _

selected to construct the five discriminant functions. The twenty-six

channels selected were 2, 8, 9, 16, 23, 25, 30, 32, 34, 36, 42, 44, 49,

• 51, 61, 62, 63, 64, 65, 91, 99, 102, 113, 116, 117 and 127. The I

classification accuracy was 100% and the separation between vegetative

types was very 9oo_--the best of all the procedures.

In conclusion, it should be emphasized that the results o£ this !
study are very preliminary and further analysis is required before

definitive statements about the true value of AIS aata fo_ monitoring
agronomic and rangeland vegetation can be made. Nevertheless, the

i_ results thus far suggest that AIS data does an excellent job of i

discriminating between the various types of vegetation examined at this +

_: site and that there ar_ s_ne features in certain AIS wavebands that may
_' be useful in discriminating vegetation type.

+ !

!
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i SITE DESCRIPTION FOR THE UNIVERSITY OF NEBRASKA'S SANDHILLS

- AGRICULXIIRAL LABORATORY
V

"_ B.R. GARDNER, Standard Oi] of Ohio, Cleveland, Ohio, USA; BLAINE L.

_ BLAD, University o£ Nebraska, Lincoln, Nebraska, USA

ABSTRACT

_ The Sandhills Agricultural LaboraLory is operated by theUniversity of Nebraska. The laboratory is locat_._<Jin the south-central I

part of the Nebraska 5andhills near Tryon, Nebraska (41° 37' [_; I00°f t !• y

50' W). The laboratory is surround_ _ on the west and south by native
rangeland vegetation, on the south by a large field of oorn irrigated J

by a center pivot, and on the east by wheat =+ubole. This site is

appropriate for moisture stress studies since rainfall is almost always

inadequate to meet evaporative demands o£ agricultural crops during i
• most o_ the growing season and the sandy soils (Valentine tine sand) at

the site do not store large quantities ot _ater. Various levels o£ i
water stress are achieved through irrigation fr_n solid set sprinklers.

HISTORICAL SUMMARY

Remote sensing research began at the laboratory in 1978 with a i

I canopy temperature study (]esigned to determine relationships between
: crop wate_ use, grain yiela and canopy temperatures of corn and I

sorghum. In 1979, a study was conducted t4 demonstrate the feasibility _ )

of using canopy temperatures to schedule i_rigation in corn. In 1980 _
: a pilot study was conductea to determine the £easiDility of growing _' (

_ soybeans in the 5andhills and to evaluate the use of canopy tem- ;

peratures in monitoring crop water stress.
#

In i981, the laboratory became involved in AgRISTARS research
' using the eight-band Barnes radiometer, which simulates the Thematic

Mapper wavebands. Experiments have been conducted on corn and

soybeans. These experiments have addresse(_ techniques for remote ,_

estimates of Dicmass, leaf area and yields and water stress, canopy _

ge_xnetry and hybrid effects on canopy reflectance. Although the

AgRISTARS program no longer exists, research in this area has i
continued. 1

The laboratory has been involved in a broad range of agricultural Ii

research in addition to its remote sensing e£forts. Studies h_ve been

conducted on nitrogen levels in corn, corn-grass inter-cropping
systems, variety testing, wheat, sorghum and soybean agroncmic studies.

_ In adaition, studies have been conducted on the inter-actions between

_ irrigation and spider-mite populations. Physiological studies of leaf-

, water potential, stomatal resistance, photosynthesis and transpiration

are also conducted. In short, the laboratory has been the site of a

"_ wide range of studies of _nportance to agricultural scientists.

7] _ _
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1984 S_HDY

The areas of primary interest in 1984 were located in the south

pcrtion of the lab, known as D area and in C area (see figure). There

were sixty plots used in this study. Each _,[ot measured approximately
_ 18 meters E to W and 9 meters N to S. Tw_ Je plots were planted to

soybeans (cultivar, Corosoy). The remaining 48 plots were planted in a

ccmpletely randomized design to five hybrids of corn. Four of these

: plots contained a population study of Pioneer 3901, wherein the popula-

tions ranged between 15000 and 30000 plants/ha. The remaining 44 plots
of corn were planted to Pioneer 3901, B73xMoI7, and three experimental

hybrids designated: S3, $6 and S12. Two irrigation treatments were

,Jsed: I. full irrigation and 2. 33% of full irrigation.

:" Phenology and plant height measurements were r_de weekly. Wet and
dry weights of leaves, ears and stalks were obtained every two weeks.

o Canopy temperatures were measured several times weekly between 1400 and
1600 local time. Canopy reflectances were measured in the Thematlc

Mapper wavebands approximately weekly, or whenever conditions per- i

mitted. Diurnal studies of canopy temperature, photosynthesis and sto- !
. matal resistance were conducted on selected days. Sixty feet of row

were harvested per plot for grain-yield estimates at the end ot the

season. Soil ,_isture oontents we.remeasured with a neutron probe on a i
weekly basis. Phenological data were collected at least twice weekly
and on a daily basis during the pollination period. ;

P

!
q

i

i
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PRELIMIhARY EVALUATIONOF AIS SPECTRAALONGA TOPOGRAPHIC/MOISTURE
GRADIENTIN THE NEBRASKASANDHILLS

DONALDC. RUNDQUIST,Remote Sensing Center, Conservation and Survey
Division, Institute of Agriculture and Natural Resources, University of
Nebraska, Lincoln, Nebraska, USA.

ABSTRACT
T

Six spectral plots, each summarizing .-ingle-pixel reflectance for
128 channels of AIS data, were examined. The six sample pixels were
located along a topographic/moisture gradient from lake surface to dune i
top in the Nebraska Sandhills. AIS spectra for various moisture
regimes/vegetative zones appear quite logical, with a general positive
relationship between increasing elevation (i.e., decreasing access of
plant roots to water) and increasing reflectance in the spectral i
regions diagnostic of leaf-water content (i.e., bands centered on
1.65 and 2.20 _m).

INTRODUCTION _;
(

The importance of moisture content in plant leaves as a factor in
spectral reflectance is well known and widely accepted in remote
sensing. Close examination of one spectral region, tile middle-infrared, I
underscores the water-content/reflectance relationship since re- !
flectance measurements at 1.65 and 2.20 _m are significantly related ' i
to the total amount of water in the leaf and to the leaf-moisture
deficit (Myers et al, 1970).

The intent of the present research activity was to provide a ,
cursory evaluation of the utility of AIS spectral data for detecting
variations in vegetative water status along a topographic/sub-surface
moisture gradient in the Nebraska Sandhills. The availability of water
is a primary determinant in the composition of plant communities that _
cover the sand dunes and inter-dunal valleys (IANR 1983), •

The study area for the research was the Crescent Lake National
Wildlife Refuge, Garden County, Nebraska. This 46,000 acre unit is
located in the western portion of the Nebraska Sandhills. The land- i
scape consists of sand dunes stabilized, for the most part, by range
grasses. Lakes and wetlands are numerous due to a large underground
water reserve and minimal depth to that ground water. Many of the
lakes in and around the Crescent Refuge are alkaline; summer temper-
atures exceed I00 degrees F and total annual rainfall is only about
16 inches.

The specific site selected for detailed examination is along a
line extending from (and including) the northwestern portion of Gimlet
Lake to a dune field beginning approximately one-fourth mile northwest
of the lake. Relief from the lake to the dune tops is on the order of
I00 feet.

The rationale for the analysis is based upon a simple inverse
relationship between the elevation of selected locations along a
Sandhills transect and the access of vegetation at those locations to

1 ',
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moisture, whether at the surface or in sub-surface storage. In the
Sandhills, the densest_ most productive vegetation (by weight) occurs

, in the shallow lowland marshes and subirrigated meadows while the
'' least productive is found on the dunes (IANR 1983; Novacek, 1984)L ' "

Spectral data were acquired at the Crescent Refuge by the NASA
Ames C-130 flight crew on August 6, 1984 for AIS grating positions I-4.

, The flight corridor, five miles in length, began over Crescent Lake
and terminated about two miles north and west of Gimlet Lake. Ground
resolution elements are approximately ten meters on a side. Simul-
taneous 35mmblack-and-white aerial photography, color-infrared

.i aerial photography, and airborne Thematic Mapper digital data were
- • obtained. A small s_bset of the Sandhills AIS dataset was analyzed for

the present research. The dataset received the standard NASAJPL !
'_: radiometric correction, but was npither calibrated for solar irradi- :i

ance nor the atmosphere because of the short time span between data '
receipt and preparation of this preliminary report.

ANALYSIS "
I

i Six pixels were selected for analysis along the transect described _" !
_'I above. Each of these six AIS elements was located within the study _
_! site through comparison of the digital dataset with the concurrent

_ aerial photography, 35mmoblique air photos of the area taken during
previous projects, on-si_e ground-level photos, and the relevant USCS I

" map quadrangle (Mumper, Nebraska, 15-minute). dnfortunately,a short
lead time prior to the execution of the flight negated in-field j
vegetation sampling at the time of the mission. However, the on-site _ i
characteristics of each sample pixel (from wettest to driest position) _

_- can be summarized.
The first element ("lake surfac.. ) was comprised of open surficial _' i

: water, for the most part, although some floating vegetation was present
. at _he time of the AIS data collection and is discernible on the color- i

infrared photo_ taken during the mission. The location of the second .
element ("lake margin") was also offshore, although it was in close _ .
proximity to the shoreline. The vegetative mat was relatively thick, !
as evidenced on the aerial photography, with some emergents associated _

T_,

with floating types. Such a Sandhills location is typified by Cattails _._
(T_), Bulrushes (_s), and Reeds (Phragmites) (U.S. Department
of Agriculture, 1975T_T]Te third sample pixel ("shoreline") was I
located on shore, but very close to the iake proper. Thick emergent i
vegetation characterizes such a site with Cattails and Bulrushes being I
colocated with vegetation such as Arrowhead (Sagittaria), Smartweed
(Polygonum),and some Sedges (Carex) (u.s. Department of Agriculture, .
1975). The location of the fourth element ("lowland meadow") is in a
Sandhills subirrigated meadow consisting typically of Sedges plus
Prairie Cordgrass (Spartina),Reedgrass (Calamagrostis),Reed Canary-
grass (Phalaris), Switchgrass (Panicum), some Big Bluestem (Andropo- _
gon) and various shrubby plants (U.S. Department of Agriculture, 1975;
Nichols, 1984). The fifth element ("dune slope") is located on a _
southeast-facing slope just above the meadow/dune transition. Such a
Sandhills range site contains mostly warm-season grasses including
Blue Grama (Bouteloua), Porcupinegrass (_), and Little Bluestem

/ (Sch!zachyrium) (U.S. Fish and Wildlife Service, 1969; Nichols, 1984). _i

"' 75 "
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The last element in the transect ("dune top") is located high on a dune
and consists of warm-season grasses such as Sand Bluestem (Andropogon),
Hairy Grama (Bouteloua), Prairie Sandreed (Calamovilfa), and Soapweed
(Yucca) (U.S. Fish and Wildlife Service, 1969; Nichols, 1984).

Three spectral plots along the topographic/moisture gradient are
shown as Figures 1-3. As expected, the variations in the curves tend
to occur in the three portions of the AIS spectrum separated by the
atmospheric water-absorption bands centered on 1.45 _m (Channel 33)
and 1.93 um (Channel 85). Even though some variation in the spectra
is apparent in the range from Channel 1 (1150.68 nm) to approximately
Channel 20 (1334.9 nm), this area of the spectral plot is not important
with regard to the present analysis since spectral response in this
region is due primarily to cell structure rather than water content
(Hoffer, 1978). However, the spectra centering on 1.65 _m (Channel 54)
and 2.20 _m (Channel 113) are significant to the purpose of this
research since, as noted earlier, these spectra are diagnostic of
water content in the leaf.

Reference to the spectra illustrated as Figures 1-3 _llows for
some preliminary inferences. The "flat" curve associated with the
"lake-surface" element (not shown) is as expected, although some
minor amounts of reflectance from the floating vegetation were seen.
A noticeable increase in reflectance at all wavelengths is apparent in
the "lake-margin" element (Figure I), but the curve remains relatively
flat due to the influence of standing water beneath the canopy of
emergent and floating vegetation. The spectra for the "shoreline"

pixel (not shown) was noticeably different from the first two examples, i
Presumably, the effect of greater canopy development and little or no
standing water caused increased reflectance in the three spectral
"zones" adjacent to the two water-absorption regions. The slope of
the curve from approximately Channel 40 to Channel 60 (1513.2 - i
]707.6 nm) may be of diagnostic value, but the cause of that slope is
us yet unknown to the writer. The most interesting spectral plot of
those presented may well be that for the "lowland-meadow" pixel
(Figure 2) where both a pronounced increase in reflectance and a very
steep slope can be seen for the peak vegetative-reflectance bands
centering on 1.65 _m (Channel 54). Again, I am uncertain about the
cause for the change in slope but the increased reflectance appears '"
to be diagnostic of a decrease in leaf-water content relative to the
previous pixel ("shoreline"). The spectral plot labelled "dune slope" i
(not shown) not only exhibits reduced reflectance in the "cell-
structure" region (Channels 1-20), presumably because of reduced
density of vegetation as compared to the wetland locations of pixels
I-4, but also exhibits a noticeable flattening of the curve in the
area centering on 1.65 um (Channel 54). Interestingly enough, the
plot for the pixe I located at the highest elevation ("dune top") also
displays a "flattish" characteristic for the spectral zone centering
on 1.65 um with what appears to be a slight tendency toward a
'negative" slope (Figure 3). Some exposed sand may contribute to

reflectance from the "dune-slope" and "dune-top" piyels, but further
research is needed to evaluate that phenomenon.

76
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; CONCLUSION

Despite use of essentially uncorrected AIS data, the plotted raw
** spectra are deemed useful for comparing and ana|yzing vegetative sites

in the Sandhills. Examination of data for the peak vegetative-
reflectance region centering on 1.65 um (Chahnel 54) produced the
expected result: a positive relationship between increasing elevation
(i.e., decreasing access of plant roots tn water) and a general
increase in reflectance. It seems certain that variations in the slope
of the curve in this spectral region are diagnostic of some condition
related to the plants themselve_ or materials within their root zone,
but the exact cause of slope variability is unknown at present. Some
variation is evident in the spectral region centering on 2.20 um
(Channel 113), a secondary vegetative reflectance peak in the middle.
infrared, but the overall visual impact of variability is not as
pronounced as that for the 1.65um peak.
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-_ THE USE OF AIS DATA FOR IDENTIFYING AND MAPPINGCALCAREOUSSrlLS IN

WESTERNNEBRASKA

, SCOTTA. SAMSON,Department of Agronomy, University of Nebraska-
Lincoln, Lincoln, NebrasKa, USA.

ABSTRACT

The identification of calcareous soils, thFough unique spectral

responses of th_ vegetation to the chemical nature of calcareoussoils, can improve the accuracy of delineating the boundaries of soil
: mapping units over conventional field techniques. The objective of '

this experiment is to evaluate the use of the Mrborne Imaging Spectro-
meter (AIS) in the identification and delineation of calcareous soils .
in the western Sandhills of Nebraska. Based upon statistical differ-

ences found in separating the spectral curves below 1.3 microns, :
calcareous and non-calcareous soils mcy be identified by differences _
in species of vegetation Additional work is needed to ;dentify•

biogeochemical differences between the two soils• !
Conventienal methods for the identification of homogeneous soil

ii mapping units rely upon selective soil sampling and landscape i

interpretation. While the former approach is a relatively quanti-
tative method, the la'_r is dependent upon the soil surveyor's
experience t_ accurately identify _he buundaries of a soil unit {i.e., _ ,!
a qualitative judgement,. The mapper relies upon his ability to

i separate soils, partly based on geobotanical observations and limited j
biogeoch_nical analysis. _'

Aerial reconnaisance techniques have historically assisted in _ '
, delinedting soil boundaries based on the ability to distinguisn _
-_ between relatively homogeneous vegetation communities and the identi- ;

fication of changes in the topography. However, subtle changes in |

vegetation are not always apparent on panchromatic or col_r-infrared _ ', aerial photography because of spectral limitations fcund in the visi-
ble and near-infrared portions of the electromagnetic spectrum _• _
These variations in vegetation may be attributed to many factors, such

as differences in species, moisture availability or content of the i
vegetation, or chemical stress.

The purpose of this experiment I_ to undertake a preliminary : '
examination of the feasibility of using the Airborne Imaging Spectro-
meter in the identification and delineation of calcareou_ soils in
the western Sandhills of Nebraska.

MATERIALSAND METHODOLOGY

lwo soil series were selected for this experiment (Map I). An

Els-Tryon complex, 0 to J% slopes, was selected as the non-calcareous _!soil, and a Els calcareous-Wildhorsefine sands, O to 3% slopes, to
represent the calcareous soils. Both locations are similar in range
site and type of vegetative cover (e.g., short meadow grass). These
soils were identified and mapped by the Soil Conservation Service
recen:ly,and laboratory data on the chemical and mineralogical
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composition of the soils were not available at the time of this study.
A flight by the Airborne Imaging Spectrometer was made over the

study site on August 6, 1984, at approximately noon. The sky at the
time of the flight was free from clouds or apparent atmospheric haze.

/ Spectral datawere collected under the "rock" mode (GPOS 1-4) and were
obtained at a spatial resolution of approximately ten meters.

Processing of the spectral data collected by the scanner was
initially made on a Harris 700 computer, with an IBM/PC microcomputer
used to analyze data subsets and generate graphics. Statistical

; analysis was made through the Statistical Analysis System (SAS) soft-
- ware on an IBM 3081 mainframe computer. All software, except for the

)t
,. _ multivariate statistical programs, were developed and implemented

i locally at the University of Nebraska-Lincoln.
Six locations (pixels) were selected for an area covered by the

! Els-Tryon complex (non-calcareous) soils, and three locations to
represent the Els calcareous-Wildhorse fine sands (Figure i). All one

#
._ hundred and twenty-eight channels were extracted for each of the nine
_ samples. The raw data wereused for all analyses andwere not adjusted
_ for atmospheric corrections.

t
Cluster analysis was used to test for statistical separation

(p < .05) between the two training sites to insure that spectral
differences were present. Dimension reduction of the one hundred and :

• twenty-eight channels was accomplished after the cluster analysis '
through a t-test (p < .05). i

'RESULTS

! Figure 2 shows the spectral curves for the average of the six '
pixels from the non-calcareous soil and the three pixels from the
calcareous soil. Fxcept for channels one through fifteen (1150.7 - . I
1288.8 nm), the curves are almost superimposed upon one another. '

FASTCLUS, from the SAS cluster analysis set of programs, verified
that the two locations contained spectral curves which were more

i similar within the trainin_ sites than between the two training _ites.
With this test of sep_ratabilityproviding evidence that the two

test sites are probably sp_ctrally distinct from one another, T-TEST

i was used to reduce the number of dimensions down to those wavelengths _
which explained statistically where the greatest difference between
the two sets (locations) of spectral curves occurred.

_ According to the results obtained from the t-test, channels one i
through fifteen (1!50.8 - 1288.8 nm), thirty-three (1448.4- 1457.6 nm), i

i eighty-one (1892.0 - 1901.3 nm), and one hundred and six (2127.2 -
2136.5 nm) were statistically different between the calcareous and
non-calcareous soils. Figure 3 shows the same curves as were shown
in Figure 2 except for the removal of the curve segments which were
determined to be statistically similar to one another.

Possible Gxplanation for the observed differences may be found
in channels one through fifteen. Empirical evidence has shown that
this region in Lhe spectrum is associated with morphological features
of vegetation, indicating that the two curves may represent two
different types of vegetation (no field data has been collected to
confirm this supposition; however: the difference in the pH between
the two soils may influence the type of vegetation found at the two
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sites). Explanationfor the effectthe threediscretespectral
(channelsthird-three,eighty-one,and one hundredand six)has not

_- been investigatedat this time.
(

" _ CONCLUSIONS

With the limitedgroundtruthavailableat the timeof this
i study,it appearsthata separationbetweena calcareousand a non-
," calcareoussoilcan be made basedupon geobotanicaldifferences

betweenthe two soils is not readilyapparent,but may possiblybe
foundin one of the threediscretechannelsnot analyzedin this l

"_'! study. It may also be beneficialto pre-processthe raw data to i
removeatmosphericinterferencesas well as investigateadditional

t , signalprocessingand statisticaltechniques.
X

, I
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CALIBRATION OF AIS DATA USING GROUND-BASED SPECTRAL REFLECTANCE

. MEASUREMENTS

_. JAMES E. CONEL, Jet Propulsion Laboratory, California Institute of

Technology, Pasadena, California, USA

ABSTRACT

L.

Present methods of correcting airborne imaging

_ spectrometer (AIS) data for instrumental and atmospheric
: effects include the flat-or curved-field correction and

k a deviation-from-the-average adjustment performed on a
line-by-line basis throughout the image. Both methods

eliminate the atmospheric absorptions, but remove the

possibility of studying the atmosphere for its own sake,

or of using the atmospheric information present as a

possible basis for theoretical modeling. The method

:: discussed here relies on _se of ground-based measure-
"_ ments of the surface spectral reflectance in comparison

_. with scanner data to fix in a least-squares sense param-

._'. eters in a simplified model of the atmosphere on a

": wavelength-by-wavelength basis. The model parameters

(for optically thin conditions) are interpretable in

terms of optical depth and scattering phase function,

and thus, in principle, provide an approximate descrip-

tion of the atmosphere as a homogeneous body intervening
between the sensor ",nd the ground.

w

SUMMARY

: AIS and Thematic Mapper Simulator (TMS) data flights were

obtained under clear atmospheric conditions at Mono Lake, California,

on October 31, 1984. The planned AIS flight lines were oriented in a

north-south direction, extending 22 miles from north of Mono Lake,

south across Mono and Inyo Craters; the approximate flight elevation "_,
was 20,000 feet above terrain. Both morning (solar elevation = 15

degrees) and noon (solar elevation = h3 degrees) observations were

taken. All of the planned flights were carried out, excepting the

northernmost (crucial) segment of the noontime series which was inter-

rupted by failure of the Thematic Mapper Simulator.

The north shore of Mono Lake is characterized by broad contiguous

beaches of (seasonal) bright evaporite crust and dgrk basalt pebbles

that extend with m_r.• or less lateral continuity an arcuate distance
of i0 miles in an east-west and northwest-southeast direction. Both

AIS and TMS flight lines were laid out to cross the beaches orthogo-

nally and with bright and dark swaths extending transversely across

the image width. The bright and dark beach deposits, together with

asphalt roads and other rock and volcanic deposits, provide a series

• of calibration targets for the construction of reflectance scatter

";' plots. The bright avd dark interface between beach deposits is an

extremely sharp boundary that may be useful for study of the
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atmospheric/instr_nental modulation transfer functions. This bound-

ary, together with the evaporite-water interface, may be useful in

obtaining cstimates of atmospheric parameters by yet another technique

known as the two-halves method. The lateral continuity of uniform
- dark beach deposits provides multiple estimates of the atmospheric

optical depth (for TMS data) which may also be used for comparison

with estimates provided by the curve fitting and two-halves methods.

The surface of Mono Lake provides a large uniform target for flat-
field corrections.

An intercomparison of all the methods described plus experiments

with TMS data on separation of directional effects of atmospheric and

of surface origin, model studies on correction of the data for atmo-

spheric effects, and geologic studies of the area will, to the extent

possible, be worked out with these data.

jr

)
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" ANALYSIS OF AIS DATA OF THE RECLUSE OIL FIELD, RECLUSE, WYOMING

t

J Jon D. Dykst.ra and Donald B. Segal, Earth Satellite Corporation, Chevy
2- Chase, HD 20815; (301)951-0104

: ABSTRACT

,_ AIS data were flown over the Recluse, Wyoming oil fiel_

; on September 9, 1984. Processing software has been developed

: at Earth Satellite Corporation (EarthSat) for interactive
analysis of the AIS data. EarthSat's AIS processing
capabilities include destriping, solar irradian:e corrections,

residual calculations, geometric resampling, equal energy

normalization, interactive spectral classifications and a i
!

variety of compressive algocithms to reduce the data to 8-bit !
_ format with a minimum of information loss. The in-house ,

:_ photolab facilities of EarthSat can routinely produce high-

_ quality color renditions of the enhanced AIS data. EarthSat's

_ AIS processing capabilities are available to fellow

investigators through our Chevy Chase, Maryland office.
A total of 80 lithologic samples were collected under the

AIS flight lines. Correlation (within the atmospheric

_. windows) between the laboratory and the AIS spectra of sample i

sites was generally poor. Reasonable correlation was only !

possible in large,freshly plowed fields. We believe mixed !
pixels and contrast between the natural and sample's surfaces

are mainly responsible for the poor correlation. Finally, a _i

drift of approximately three channels was observed in the

diffraction grating position within the 1.8 - 2.1 micron

quadrant. The drift appears to be sJnusoidal in nature.

AIS DATA

Four flight lines of AIS data, and contemporaneous TMS data, were _
flown over the Recluse, Wyoming oil field. The Recluse oil field is

i
located along the northeastern flank of the Powder River Basin. I
Figure 1 is a location map for the Recluse oil field and gives the

approximate position of the four flight lines. For this flight, the
AIS spectral range extended from 1.155 to 2.337 microns.

AIS DATA PROCESSING

A flow diagram of EarthSat AIS processing software is shown in

Figure 2. On this figure, EarthSat's processing begins at the
DESTRIPE position.

D._estripe
The corrected data, as provided by JPL, still contains a residual

banding (or striping) along the flight dLrection. The banding is

_-_' apparently caused by imbalances in the dark current (DC bias) of the
detectors across the pixel direction of the detector. If a

• sufficiently large area of homogeneous, spectrally flat material is

86 ._
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present along the flight line it is possible to use the average

radiance values_ collected over several along-track pixels, to adjust

the bias differences between the cross-track elements of the array.
This is the approach commonly used by JPL, and one whi:h produced the

"flat field corrected" data for the Cuprite, Nevada scene described in
the AIS User's Guide.

0 GD

E=-]. i

Fig 1 LocadonMap = _ _. D. ' J
1

Fig.2 Flowdiagramof EarthSat's
AIS processing

4

Unfortunately, no such area was found on any of our four flight '_,.,
lines. Therefore, we used a different approach for the destriping.
Our approach is based on histogram matching. The assumption is that, 1

over the course of a complete flight line each of the 32 cross-track i
detectors has covered, on the average, very similar surface materials. !
As long as the individual detectors are reasonably well behaved, this
technique works extremely well in removing intra-band striping. By

way of example, Figures 3 and 4 show several AIS channels before and

after destriping.

This method however can induce serious problems in terms of the
inter-band radiometrics. Within a given band (i.e., one of the 128

spectral channels) matching of the 32 AIS detectors is totally
dependent upon the shape of each bands' unique reference histogram.

If there are fundamental differences between any two bands' referencei

histograms, these differences will be expressed in the output

(destr iped) data.
In our first attempt to describe the AIS data we chose a single

detector within each band from which to collect the reference _:
histogram. The criteria for selecting the reference detector were "_
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that it show a low variance and appear, in other ways, to be well

behaved. However, a problem arose becau3e of the presence of an
inaccurate "dark current correction" applied during data collection.
The net effect of the erroneou_ dark current correction was to add

random DC bias values to the individual detectors. Thus, during our
original destriping process, a false bias was applied to each b_n_,

the magnitude of the bias was proportional to the level of the r_

noise at the detector for which we collected the reference histo[.

The final result was 128 well-destriped bands; however, in many ca

each of these bands had biases which were equal to o_ g_eater than _
absorption features comprising the desired spectra! infcn_ation.

Figure 5 is a strongly stretched version of the nor_a]_e_ destriped

data showing the obvious DC bias differences between _be spectral

channels. To prevent the undesirable effects induced by the random DC

biases, we have modified the destriping program to collect an average
reference histogram as an average of all detectors, rather than for a

single detector. The results (Figure 6) produce much more uniform
inter-band radiometrics.

Fig.3 Dataasreceivedfrom JPL Fig.4 Dataafter EarthSat's
destriping _'_"_

i

i
i

i
!

Fig.5 Erroneousbiaseffectswhen Fig.6 Resultsof destripingbased
destripingbas4KIonsingle onall availabledetectors
detector

%
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Clean

This procedure _as written to interactive[y remove bad data

lines. Bad lines appear as cross-track llnes of fully saturated (DN
4095) or anomalously low DN values. Single lines are replaced by the
average of the two adjacent lines on a pixel-by-pixel basis. Multiple

line corrections are performed by a weigl,ted average of the next

adjacent good data lineR. If these bad data lines are not removed

they can adversely affect the later ccmpression of the AIS data frc_
16 to 8 bits.

Ske____H

The AIS sensor is fixed orthogotal to the longitudinal axis of

the aircraft fuselage. Therefore, when the aircraft _ust crab (point

into the wind in order to maintain its heading) the resulting yaw
induces a skew in the geometry of the AIS data. _ne degree of skew is

proportional to the yaw angle

We have made a first order skew correction for those flight lines
with yaw angles greater than I0 degrees. The correction is based on a

nearest neighbor resamnling along the flight path direction. The

correction can be likened to looking edgewise at a deck of cards andJ

sloping the top edge to the left or right to the appropriate number of

degrees depending upon the sign and magnitude of th_ yaw angle.

Solar Normalize

The incident energy at the top of the atmosphere drops off

'_ rapidly wlthin the spectral range of the AIS sensor (approximately 1.2

to 2.4 microns). UsinB the LOWTRAN program for atmospheric

calculations, the incident solar radiation was found to range between
; approximately 530 watts/square metre at 1.2 microns down to

approximately 62 watts/square metre at 2.4 micLons. Therefore. with

increasing wavelength, each consecutive AIS spectral channel is
receiving a decreasing intensity of incident light. In order to

'L compensate for this imbalance, the pixels of each spectral channel are
i multiplied by a factor proportional to the inverse of the solar

I radiance for the channel. This effectively normalizes the 128

spectral channels to a common incident solar baseline.

Eaual Energy Normalize (Full-Ran_e)
The purpose of the Equal Energy Normalize (EEN) calculation was

to remove the effects of differing overall brightness and, thereby,
accentuate the spectral, band-to-band, information. The algorithm
used was identical to that described in the AIS User's Guide.

Equal EnerRv Normalize (By quad)
| Within the spectral range of the AIS sensor there are two major

atmospheric absorption regions, one around 1.4 microns and the other

around i.9 microns. The major portions of these features fall almost

entirely wlthin grating positions 1 _nd 3, respectively. When

calculating the EEN data using all 128 channels, these major features
tend to dominate the calculations; greatly decreasing the ability to

detect smaller scale features in the other grating positions.

Therefore, a procedure was developed which calculates the EEN

: separately for each of the four grating positions. 'i

@ %
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The algorithm used is the same as the EEN for the full-range.

However, instead of basing the calculation on all 128 spectral
channels, the calculations are preformed four times, once for each of

the 32 channel grating positions. _learly, this procedure produces
strong discontinuities at the grating boundaries. However, the

presence of the discontinuities are well worth the greatly enhanced

signal-to-noise ratio of the data, particularly within the 2.1 to 2.3
micron grating position.

Compress 12=>8-bits

This was the final step in the digital data enhancement. The

objective was to compress the ll-bit AIS data (contained in a 16-bit

1"2 format) into an 8-bit word which is then compatible with standard

image display and printing devices• The compression algorithm was

carefully designed to minimize the a_ount of information lost during
the data compression.

Several data compression approaches have been used during this

4 project. The most com=on was to calculate the mean and standard

' deviation for each of the spectral bands of a given flighc line.
Using the average of the means and three times the standard deviation :

( of the channel with the l_:gest cRlculated standard deviation, a
I

minimum and _axim_ input value are calculated: minimum equals the

average mean minus three times the largest standard deviation, the
maximum equals the average plus three times the standard deviation. A

_. linear lookup table is defined into which these minim,,, and maximum

values are mapped to 0 and 255, respectively. This l_kup table is
then applied to all the pixels within ,ach of the 128 spectral

channels, l

RESULTS

Correlation Between AIS and Lab Spectra
During the course of this study 80 lithologic samples were

collected under the AIS flight lines The samples were analyzed using•
X-ray diffraction, elemental analysis and laboratory spectral

reflectance measurements. In open homogeneous areas, such as freshly "_
plowed fields it was possible tO achieve reasonable correlations
(within the atmospheric w_ndows) between the AIS spectra and those

measured in the laboratory• However, for the less disturbed areas it
has been difficult to achieve much correlation between the lab and AIS i

spectra. Ne believe that this is largely due to the t_o phenomenA:
I) The mixture of surface materials within a giver pixel, and 2)
natural w. sample (laboratory) reflectance surfaces. The mixture
problem im location dependent. Recluse is particularly bad in this
regard. The problem of providing the laboratory spectrometer with a
"natural" weathered surface is a more universal problem•

In a heterogeneous region, such as the Recl_se study are_, it is

- impossible to sample al_ the surface materials that fall within any
given AIS pixel. Therefore, the only possible approach is to collect
a hand sample a_ _ _iven site which is characteristic of the
general area The approximately 100-square-metre AIS pixel will

' almost always contain many more dilferent types of surface materials
than are able to be represented in a hand sample. The only sites

where this was not 'he case were in large, homogeneous, freshly plowed
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fields. Not surprisingly, it was within these areas that we have the
best correlations between the laboratory and AIS spectra.

The second, and equally difficult problem to control, is the
unavoidable fact that the AIS data is measuring sunlight reflected

• from the upper few microns o£ naturally weathered surfaces. When

unconsolidated samples reach the laboratory, these weathering surfaces

: have been lost. The degree to which the natural chemzcal and physical

weathering environments have modified the mineralogy and reflective
_.operties of the surface types will adversely affect the correlation

: I between AIS and laboratory spectr_.
|
t, Gratin_ Drift

An important observRtion that came from our interpretation of

specially processed _agery of the AIS data is an apparent slnusoidal
drift in the wavelength position of the diffraction grating, Figure 7

is a photograph of the last sixty or so juxtaposed AIS spectral

channels. The flight direction is from the top to the bottom of the i

picture. Note the wavy zone (arrow on Figure 7), approximately 3

Fig,7 Approximately60 AIS channels
between1,8 and2.4 microns.
Arrowlocates2.0 abmrptionof
carbondioxide. Notewavy

patternalongflight line•

channels wide, which moves down the flight line in a sinusoidal nature

with an amplitude of approximately three channels. This is marking

the location of the 2.0-micron absorption band due to atmospheric

carbon dioxide. Clearly, the channel number of this absorption ought

to be constant. Its wavy appearance on the AIS imagery suggests that

the electronics controlling the precise wavelength position of the

diffraction grating are possibly being affected by a signal of the ,observed period and amplitude. There is not, to date, enough ,_

i information to say whether or not this same phenomenon is affecting• each of the other three grating positions; however, a similar effect, _,

• _. although less _pparent, is ubservable in the second grating position _
- _ (1.5 - 1.8 microns). Before more detailed analyses of absorption band

placements can be performed, these apparent band shifts need to be

• further understood.
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HIGH RESOLUTION SPECTROMETRY OF LEAF AND CANOPY CHEMISTRY
FOR BIOGEOCHEMICAL CYCLING

MICHAEL A. SPANNER, Technicolor Government Services,

NASA/Ames Research Center, Moffett Field, CA, USA; DAVID L.
PETERSON, NASA/Ames Research Center, Moffett Field, CA, USA;

WILLIAM ACEVEDO, Technicolor Government Services, NASA/Ames
Research Center, Moffett Field, CA, USA; PAMELA MATSON,

NASA/Ames Research Center, Moffett Field, CA, USA.

ABSTRACT

High- resolution laboratory spec trophotometer and

Airborne Imaging Spectrometer (AIS) data were used to

analyze forest leaf and canopy chemistry. Fundamental
stretching frequencies of organic bonds in the visible, near
infrared and short- wave infrared are indicative of

concentrations and total content of nitrogen, phosphorous,

starch and sugar. Laboratory spectrophotometer measurements

showed very strong negative correlations with nitrogen

(measured using wet chemistry) in the visible wavelengths.
Strong correlations with green wet canopy weight in the

atmospheric water absorption windows were observed in the
, AIS data. A fairly strong negative correlation between the

AIS data at 1500 nm and total nitrogen and nitrogen

concentration was evident. This relationship corresponds
very closely to p_otein absorption features near 1500 nm.

INTRODUCTION

Remote sensing data are being used to study and to

I mode] processes in the biogeochemical cycling of carbon, _
i nitrogen, and phosphorus for forest ecosystems. Based on

recent insights (Melillo and Gosz, 1983) r_garding nutrientavailability and its interaction with the biochemical

i! content of the canopy, a process level model (Fownes and
' Abet, 1985, this volume) is being developed. This model

predicts productivity, gas exchange, nutrient

I transformations and fluxes using information about climateand the biochemical content of the canopy. The three canopy

variables under investigation using remote sensing are leaf .
area index (LAI), foliar biomass, and biochemical

composition. This paper describes preliminary anal_sis i

using a laboratory spectrophotometer and the Airborne

-" Imaging Spectrometer to determine leaf and canopy

. biochemical composition.

x-
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BACKGROUND

_; Various organic compounds present in foliage absorb
infrared (IR) radiation in a manner analogous to the

mineralogical features used in geology. The absorption
features correspond to the fundamental stretching

frequencies of organic bonds. The harmonics and overtones
of these fundamentaJ_ are often found in the visible, near

._ infrared and shor_ wave infrared. Unlike feature

:_ identification used _or mineralogical discrimination, the

same organic compounds are generally always present in all

'_ vegetation types, but in different concentrations and total

contents. Thus, a primary goal of infrared spectroscopy for

plants quantification of these contents rathershould be

t than discrimination of specific features. These organic

compounds are of equal importance to nutrient cycling

because they are composed of the key nutrients (carbon,
__ nitrogen, phosphorous, etc.) that are required for plant

growth.

Nitrogen is bound up in leaves primarily in various

- proteins, enzymes, amino acids, cholorophylls, alkaloids,

and cyanogenic compounds. The absorption features for the

pruteins and chlorophylls are shown in Figures l-a and l-b,

respectively. Nitrogen concentration usually varies between

0.5 to 3 percent by weight. Phosphorus content is typically

lower than nitrogen (less than one percent) and is bound up
in phospholipids, ATP, and other organic molecules. Carbon

is ubiquitous in organic material; the forms most important
_ to nutrient cycling are structural carbon (lignin and '

:i cellulose) and mobile carbon (starches (Figure l-d) and
sugars). Important features for lignin occur at 1148 and
1685 nm, and for cellulose at 2100 nm. Water is abundant in

leaves and its spectrum is shown in Figure l--c. The role of
other constituents of leaves (oils, carotenoids, cuticular 1

waxes) may not be as significant for nutrient cycling, but _
the fact that they also absorb IR radiation and may not

co-vary with the other compounds, means that they contribute
to the overall- IR signature of the leaf and introduce
variation in the reflected radiation.

i Together with the multiple scattering properties ofleaf structural interfaces, the biochemical constituents of

leaves determine their infrared absorption characteristics

: in proportion to their concentration. Thus, at any one :
wavelength, the reflected _adiation will be a composite .

i a)minated by the strength of the absorption feature of each

i_ compound so that multiple wavelengths are required to

estimate any one constituent while accounting for the

interference of other compounds. A goal of this research is

m to determine these predictive wavelength regions.

%
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Figure 1. Absorption spectra for four organic4.

compounds in the visible and shortwave
radiation regions
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--, Figure 2. Correlogram for percent nitrogen
'I versus total hemispherical reflectance'L

i for ground needles from seedlings
of Tsu_ mertensiana measured in aI laboratory _pectrophotometer
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LABORATORY TECHNIQUES AND RESULTS

Our research is attempting to understand spectra of
forest leaves and canopies as we proceed from laboratory to

field to airborne spectroscopic techniques. Presented here

are laboratory analyses of seedlings of Mountain hemlock

(Tsuga mertensiana) grown in a phytotron under several
treatments to vary the canopy chemistry. The treatments
were: a control; fertilized with N, P, S; sugar addition;
and fertilized and shaded. These seedlings were part of

research by Dr. Matson who provided freeze-dried, ground
leaf samples from each treatl_ent for spectral analysis.

These samples were analyzed in a wet chemical lab to
determine the nitrogen, phosphorus, starch, and sugar
content to correlate with the spectra. The ten samples were

spectrally measured in a Perkin-Elmer spectrophotometer for
percent reflectance between 400 and 2600 nm.

Correlation coefficients were calculated for each

wavelength against the chemical analyses and are displayed i

as a correlogram. An example for percent nitrogen is shown
in Figure 2. As expected, strong inverse correlations exist

in the visible region due to the strong absorption effects !

of chlorophyll and associated proteins. Positive

correlations are due most likely to other compounds which
vary inversely with nitrogen (starch in this case) which

corresponds to the correlation at about 2100 nm. Another

absorption feature relating to protein begins to appear at _

about 2180 nm, but increasing instrument noise, small sample _
size, and small absolute differences in reflectance at these ._ ,
wavelengths may be obscuring this information. _

We are in the process of investigating the use of

smoothing fuctions and derivatives to identify and measure _

concentrations at specific spectral regions which may _
overcome some of these difficulties. The peak at about 1450 !r
to 1500 nm is probably due to th_ presence of water i _
reabsorbed by the samples during handling which masks the _4

protein feature, thereby modifying the correlogram near 1500
nm and above. Similar correlograms were calculated (not

shown) for phosphorous, starch and sugar, and indicate an
inverse relationship between starch and nitrogen. The

presence of a number of positive and negative peaks in the

correlograms can be used to investigate multiple linear ,

regressions for each constituent. This work is in progress
and the present interpretations are still tentative due to

_he early stage of our investigations.

AIRBORNE IMAGING SPECTI_OMETER DATA ANALYSIS _ '_

The Airborne Imaging Spectrometer onboard a C-130
aircraft acquired imagery over Blackhawk Island, Wisconsin

on September 9, 1984. The AIS data were acquired in grating

positions 0-3 (vegetation mode), covering wavelengths from

%
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_ Figures 3(a) to 3(d). Correlograms for green wet canopy weight
+- (tons/hectare), leaf area index (one-sided),

_ : nitrogen concentration (mg/cm 2) and total

_:- ._ nitrogen (kg/hectare) of the Blackhawk
_- Island plots measured by the Airborne

Imaging Spectrometer.
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855 to 2036 nanometers. The spatial resolution of these
data was approximately ten meters. No preprocessing

algorithms were applied to the AIS data. There are four

atmospheric water absorption regions within the vegetation
grating position. Minor o_es are centered at .94 nm and

1.13 nm, with major ones centered at 1.4 nm and 1.9 nm. The

AIS data are of fairly good quality, with minor vertical
striping in some bands.

Analysis of the AIS data was performed on a VAX 11-780
using IDIMS image processing software and software modified T

and developed specifically for the analysis of AIS data.
The location of the six Deciduous Forest sites on Blackhawk

Island (Fownes and Aber, 1985, this volume) were delineated i
on the AIS digital imagery using an interactive display. A

'_ two-by-two pixel region for each site was extracted and the ,

mean and standard deviation for the 128 channels were i
] calculated and plotted. A residual image was generated by 1
: defining a three-pixel wide transect along a fertility

i gradient across Blackhawk Isl_nd. The mean reflectance for
each channel along the gradient was calculated and
subtracted from the raw reflectance for the Blackhawk Island

AIS scene. The residual reflectance was plotted for each of
the six sites. Locations of low reflectance displayed

! negative residuals and areas of high reflectance had

positive residuals. The residual plots allowed for improved
! discrimination of the six sites. A visual assessment of the ,

fertility gradient was performed using the residual image. }

The correlogram program calculated the correlation 'J

! coefficients for each of the measured canopy parameters of
the six sites at each independent AIS wavelength. The

i canopy parameters analyzed were green wet canopy weight
-_ (tons/hectare), total nitrogen (_g/hectare), nitrogen

I concentraton (mg/cm), and leaf area index (one-sided). The
correlograms are presented in Figures 3a-3d.

AIS RFSULTS AND DISCUSSION

Very strong correlation was observed between green wet

canopy weight and AIS data at wavelengths other than the

atmospheric absorption bands. Correlations exceeded .85 for

many of these wavelengths, indicating the sensitivity of the
AIS data to total _ass (water and foliage) of the canopy.

As expected, these relationships, did not exist in the
atmospheric water absorption bands. The correlation occurs

across a broad range of w_velengths indicating relatively

slowly varying absorption.

There were no wavelengths that displayed high
correlations to leaf area index. This was not surprising

because wavelengths on the AIS are not the same as those
used for leaf area index estimation. Leaf area index

estimations generally make use of ratios or transforms of
%
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red (.63-.69_m) and near infrared (.76-.901, m) portions of
the electromagnetic spectrum. The Airborne Visible Infrared i

Imaging Spectrometer (AVIRIS) will provide spectral
information in these shorter wavelengths and should be of
significant value for leaf area index determinations when _

these data become available and are analyzed as ratios.

Analysis of the total nitrogen and nitrogen

concentration correlograms reveals that there are strong

negative correlations near 1500 nm, corresponding to a

strong protein absorption feature at that wavelength. This i
result is very encouraging and shows the promise of a high

spectral resolution imaging spectrometer. Another important
protein absorption feature exists at 2180 nm;

unfortunately, this wavelength is out of the range of the
vegetation mode grating position of the AIS instrument.

Another observation from the correlograms is that when

comparing the green wet canopy weight correlogram with the

leaf nitrogen plot, different information from each plot

emerges. The AIS is sensitive to specific canopy parameters

at different wavelengths, providing unique information at
each wavelength. At wavelengths between 1500 and 1600 nm

especially, the plots trend in opposite directions. These

dissimilar trends can be used to investigate multiple linear

regressions for each constituent.

We plan to expand our research efforts in Wisconsin

next summer. We hope to obtain 20-25 plots with additional
canopy information including canopy lignin. We are very _

encouraged by these preliminary results and we are excited
about upcoming analyses of high spectral resolution remete

sensing data.
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FOREST CANOPY CHEMISTRY FROM BLACKHA_ ISLAND, WISCONSIN

F0_LNES, JAMES H. and JOHN D. ABER, Department of Fores-
try, University of _isconsln, Madison, _I 53706, USA.

ABSTRACT

Our ongoing project attempts to develop

process-orlented models of torest productivity,
which are driven by canopy spectral data.

Concurrent with AIS flyover, we sampled a ser-

ies of mixed-species hardwood forests for leaf

morpholoqical characteristics ; total leaf
mass, area, and vertical distribution; and

overall average canopy nitrogen and lignin.

Within a canopy, leaf specific weight (dry
weight per unit area) varied significantly with

height and between species. Species are

separated ecologically by percent nitrogen and

lignin. Mean total canopy percent lignin cot-

| relates well with previously published field

! estimates of soil ni c)-ogen availability and
i total annual net primary productivity, which

i augurs well for the model, subject to identifi-
cation of unambiguous spectral signals.

: INTRODUCTION

In order to estimate large-scale patterns and changes
in terrestrial productivity, we hope to sense remotely the

attributes ot ecosystem function which control annual net "_.
primary production (NPP). This hope is _ounded on results

from field research indicating that two major feedbacks

between forest canopy characteristics and NPP may allow ex-

trapolation from sites of intensive measurement to other

areas within a ctimatic region. The first control (Fig.

i, upper left circle) is that leaf characteristics con-

strain both photosynthesis and transpiration by leaf size,
thickness, and enzyme (nitrogen) content. The second con-

trol (Fig. i, bottom left circle) is that leaf chemistry
predictably determines the release ot nutrients through de-

composition and consequently uptake by plants.

_ Furthermore, the release of nitrogen from soll organic

matter (termed N mineralization) controls allocation pat-

_i terns between wood and roots (Fig. i, circles on right;

:'i Abet et al. 1985). To discern differences in NPP, we must
therefore sense not only total leaf mass, but subtler

I features such as nitrogen and lignin content of the leaves.
:I We will need detailed spectral information such as that'I

- loo \,

I

1986002151-106



f
aT

f

C02 ._t20 Ff,=mp=r"=_ur Q'I ---_' FLUXES

?. AT,OSP_ERE \ / .......tR=°,o_,oo}
_ _,III_M:--..... _Hum,d, t7 _ .... *CONTROLS

_, /'/" Lh_/_._.._ S.._.__ WOOD ROOTS

J ,_ tDW A

: c tx ,,o_,_ _q c --_ c
' _ VEGETATION ILAI T #

._ :' _,,'' .1conopy d,,_r,b ,I _L_ I1

P,= ma_ " I " i + " N

i ii "
,4 /

SOIL _'_" _ ", ( I X"_°'°F /
x ". ,+,,-Ni /

",. "-. LI _°°_.." I /

+

+
Fiq. l Canopy Controls on NPP +

&

provided by the AIS, and also careful characterization of

the canopies themselves. In this preliminar7 report we are

= concerned with the latter. ._

SITES AND METHODS :_,
.=

Our field sites are on Blackhawk Island, located in

the Wisconsin River north of Nisconsln Dells (fat. 43°40 ' N,

long. 89°45 ' N). The top of the island is relatively flat

and soil depth and flnenes_ increases from west to east.
The hardwood forest chanqes in parallel from red oak and

white oak in the west to sugar maple, red oak, and basswood

in the east. Leaf litter quality and consequently N miner-
alization rates increase along the gradient as oaks are re-

.+ placed by more meslc species (Pastor et al. 1984, Abet et
al. 1985; TaDle i).

i Ne sampled green leaves by shootin_ down small '

branches with a shotgun. Leaves for the major species at ._
, each site were taken at four height levels: emergent or

dominant, upper codomlnant, lower codominant, and sup-

I pressed. Green lear area, fresh weight, dry weight (70°C), =
percent N and percent lignin were determined for several
pooled samples of 5 to I0 leaves each.

%

. I01 +_.

• II ,.J_ I , , I
W_f +
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Foliage height profiles were a,easured using a camera

with a calibrated telephoto lens as a range-finder. A grid
on the focal screen of the camera provided 15 sampling
points within a single field of view. The leaf area index
(LAI) in each height interval must be corrected L_r ob-

struction of upper leaves by lower leaves (M_c_rthur and
Horn 1969, Aber 1979).

i I

Litterfall was collected weekly Zrom five 0.25 m2tcaps
" at each site, sorted by species, dried at 70°C, and pooled

for all dates. Total canoFy properties were calculated by

! weighting the green leaf data by the proportion of leaf

I area each height multiplying the weightedwithin class and

averages by total leaf mass (litterfall).
I

' AIS spectra trom 850 to 2000 nm were taken over the

' island along the gradient on 7 Sep. 1984, one month after

the green leaf sampling. The leaves were mature but not
senescent at both times By comparison with a detai ed

• " |

i ground survey (Abet et al. unpub.), we located a transect. of plxels corresponding to the gradient and selected those !,

situated over field sites.

RESULTS l

_ Strong differences in leaf morphoiogy (dry weight per ' "
!

unit area, DW:A) exist w_thin the canopy and between spe-
cies (Fig. 2). No differences appeared between congeners,
so the observations for species groups were combined (e.g.

'oaks"). Because each "observation" is really the mean of

several pooled subsamples for each site. species, and cano- .

py position, the variance with_ a height class (Fig. 2)

is that among different si_es. Between site variation is '_ j
clearly less than that between heights or species.

There was no trend in N concentration with canopy

height. Increased D_:A a_ the top ot the canopy is sutfl- i

cient to explain an increase in N per unit leaf area. The

llgnin analyses are incomplete, but oak leaves generally
have more lignln (20.4%, sd = 4.3%) than sugar maple (8.9%,

sd = 1.8%). Me detect no difference in lignln content

between green and senesced leaves. Different species or
groups of species fall out into distinctivc groups based on

leaf weight per area and percent N in green leaves (Fig.
3).

Canopy profiles for two contrasting sltes on the gra-
dient show the clustering of leaf area near the top of the

-_t mesic canopy due to domination by shade-tolerant species

(Fig. 4a). The bimodal curve _or the other site (Fig.

4b) is typical of drier sites dominated by shade-intolerant
species fP_ber et al. 1982). %

I
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Total canopy properties are influenced strongly by
total leaf mass as given by litterfall (Table i).

Especially strong correlations exist between canopy mass
and total green canopy N (r = .97) and mass and total cano-

py lignin (r = .78). Nitrogen uptake by vegetation (Table
i) is calculated from field data from Pastor et al. (1984)
and Aber et al. (1985) and is correlated with the weighted

percent lignin in the canopy (r = -.94).

Table i. Total canopy pools and fluxes for sites at
Blackhawk Island.

Sites

Properties R01 W0 R02 R03 SMI SM2

NPP T/ha/yr ii 12 - 12 14 16

N uptake 86 92 - 94 10.% 133

kg/ha/yr
LAI 4.5 3.7 3.8 5.0 6.0 5.1

Litterfall 3.8 3.5 3.0 3.5 4.2 3.3

T/ha/yr
Canopy N 90 81 58 85 103 76

kg /ha
Canopy lignin .80 .74 .46 .62 .73 .43

T/ha

% Lignin 21 21 15 18 17 13

REFERENCES

Abet JD. 1979. A method for estimating foliage-height pro- _

files in broad-leaved forests. _. Ecol. 67:35-40. :

Aber JD, JM Melillo, J Pastor, KJ Nadelhoffer, CA McClaugh-

erty, and JM Lennon. 1985. Carbon-nitrogen inter-

actions in the plant component of northern temperate

forest ecosystems. Submitted to _E.oderma.

Abet JD, J Pastor, and JM Melille. 1982. Changes in forest

canopy structure along a site quality gradlem: in
southern Wisconsin. Amer. Midl. Natur. 108:256-i65.

i
MacArthur RH and HS Horn. 1969. Foliage profile by vertical

i measurement. Ecology 50:802-804.

Pastor J, JD Aber, CA McClaugherty, and JM Melillo. 1984.

- Aboveground production and N and P cycling along a

nitrogen mineralization gradient on Blackhawk Island,
Wisconsin. Ecology 65: 256-268.

%

104 ._

i

1986002151-110



+ .ANALYTICAL TECHNIQUES FOR EXTRACTING MINERALOGICAL INFORMATION FROM
+. FRILTICHA_EL IMAGING SPECTROMETER DATA

FRED A. KRUSE, GARY L. RAINES, and KENNETH WATSON, United States

I Geological Survey, P.O. Box 25046, MS 964, Denver Federal Center,

Denver, CO 80225 USA

._ ABSTRACT
_ We are developing an analytical approach to air-

-, borne imaging spectrometer (AIS).ata interpretation
that can Le used with knowledge of the spectral charac-

teristics of minerals to identify and map their spatial
:_ distribution without a priori knowledge of their

presence.

,| SUMMARY
¥

The general techniques we are using are (I) normalization of AIS

spectra to remove albedo effects, and (2) calculation of "relative

reflectance" AIS spectra to identify minerals. We have compared two
methods of normalization -- normalization to one channel, and equal

energy normalization. Relative reflectance spectra were computed by

dividing a raw or normalized spectrum by a standard curve; standard

curves were formed by (I) calculating the simple average of each chan-
nel along the flightline, and (2) using the low order terms of a dis-

crete Fourier series representation emplo_ing a fast Fourier transform _

(FFT) method. These techniqu_s allcw us to map the occurrence of "
:_ specific minerals but we cannot yet draw any conclusions regarding

+_ mineral abundance.
Interpretation of the relative reflectance spectra and AIS rela- +_

_ rive reflectance images is not altogether straightforward Each type |

• of relative reflectance image does contain artifacts of which the __+
i interpreter must be aware. To accurately identify minerals the inter- +

preter must have a thorough kuowledge of the data and the spectral
p characteristics of minerals, understand what the techniques used have

' _ done to the data, and be careful not to attach mineralogical signifi-
,, cance to artifacts.

+1
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SPECTROSCOPY OF HOSES ROCK KIMBERLITE DIATREME

CARLEM. PETERS andJOHN F. MUSTARD, Departmentof GeologicalSciences,Brown
University,ProvidenceRI 02912

ABSTRACT:Threetypesof remotesensingdate(AIS, NSO01,Zeiss
IR-photogrephs)wereobtainedfor the MosesRockkimberlitedikein
southernUtah.Ourgoalis to identify'andcharacterizethemantlederived
maficcomponentin suchvolcanicfeatures.TheZeissandI,/5001Images
provideinformationontheregionalsettingandallowunitsofthediketobe
distinguishedfromsurroundingmaterial.A potentialunmappedsatellite
dikewasidentified.TheAISdateprovidecharacterizinginformationonthe
surface_pcsition of thedike• Sarpentizedolivine-bearingsoilsare
(tentatively)identifiedfromtheAISspectrafor a fewareaswithinthe
dike.

Introduction
i

!
Anumberofsmallkimberlite-beariogdiatromesofTertiary ageoccurontheColoredo

_l Plateau.Theoriginoftheseunusualvolcanicfeatureslsnotwellunderstood,butisbeli¢,,_ltobe.i
associatedwithmantleprocessesthatresultina rapidrise ofmaterialfromthemantlethrough

• ' thecontinentalcrust. Althoughsuchan event(presumablyexplosive)hasneverbeendirectly
- observed,klmbeclite-beerlngvolcanicfeaturesarea valuablesourceof otherwiseinaccessible

mantleandcrustalrocksofgreetinteresttothegeochemlst(endsometimesa sourceofdiamonds
..: for ineInvestor').Klmberllte..beerlngfeatureshavenotbeenexploredextensivelywith remote
:- sensingtechniquesprlmorllybecauseof theirsmallslzeandbecausetheirIdantifylr_l i

characteristicshavenotbeenwelldocumented.
TheMosesRockdikeIn southernUtahwaschosenfor analysiswiththeAirborneImaging :,

Spectrometer"(AI$). Rocks,breccles,anddepositsof the dike hovebeenmappedin detail ,(,..
( I: 12000) byMcOetchin( 1968,unpublished).AschematicgeologicmapofMosesRockdikeand
observedrocktypeswerepresentedbyMcOetchlnandSliver( 1970,1972)witha discussionof
the mineralogy,petrologyandgeochemistryof thementle-darivedmaterials(summarizedin
Oeolo_/sectionbelow).

Ourgoalin studyingMosesRockDikewithAI$dataIs to Identifyaridcl'_racterlzethe
mantle-derivedmaficandultremeftcmaterial. Thesetypesof rocksandmineralsareknownto
exhibitcharacteristicabsorptionbandsnearIumaswellasbandsbetween!.6 end2.5 IJmdue
largelytoIron andothertransitionmetalsin theircrystalstructure(eg.Adams1974, 1975;
HuntandSalisbury,1970). If successful,thistypeofdatawill provideasignificantexploration
tooltobeusednotonly In Identifyingtheseunusualvolcanicstructures,butalsofor unraveling
thenormallycomplexdistributionofmaterialwithinthem.

-. TheflightovertheMosesRocktargetarm inMonumentValleywasflownJuly20, 1984.
DatecollectedIncludedZelsecolor Infraredphotographs,NSO01(TM simulator)multispectrel
images,andAI$date. Thedaywasclearendcloudless.Analysisof thesedatacommencedJanuary

ii 1985,anda preliminarydiscussionof resultsIs presentedbelow, k fewsystemproblems
occurredonour flight: thenavigationsystem(IN,S)wasnot functioningproperlyandoouldnot

,, provideaccuratepositioningof theaircraft, theNikoncamerawasinoperative,endtheclockson _.

theZelssendNSO0! wereeitherInoWotlveorInaccurate. ,_

106 _i)
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Geologyof the MosesRockDike
: (from Mr_atcffin,!960; Mc0etchtnandSilver 1970, 1972)

: MosesRockdikeis a breocia-filled,klmherllte-beerlngdtatremeiocetedin theColoredo
Platemofsouth-emternUtah.It Is hooted-shapedIn planandabout6 km in length.It intrudes
theundeformedandunmetemorphesedsandstone,stltstonsandlimestoneof thePermianCutler
formation.Thedikecontactissharpandthewallsaresteep.AsystemofJointsextendsoutInto

: thehostrocksparalleltothedikecontact.MosesRockdikeoccursIn a clusterof dtatremes
southeastoftheMonumentupllft(a largeregionalanticline)andalongtheaxisoftheCombRidge
monocllne.,Superimposedon the regionalstructureo_ea seriesof north-southtrending
anticlinesendsynclines.Totalstructuralreliefdoesnotexceed1500metersandIsconcentrated
alongtheCombRidgemonocllne.

Themajorityof thedikeconsistsof largeblocksupto s_veralhundredmetersacross
derivedfromtheCutlerformationofs,JndstonesexposedIntheventwalls.Theintersticesbetween
the largeblocksare filledwitha matrixof unconsolidatedbreccia.Thismatrix Iscomposedof
fragmentsfromthelargeblocks,limestonefragments,crystallinerockfragments,andmaficand
ultramaficconstituents.

Klmberllte,whl_ constlt,.:tesabout:%ofthedike,occursassmallIxxIlesnotlargerthan
10metersindiameter.It isa hi_,,;yserpenttnized,ultremalicmicrobrecciacontainingolivine,
pyroxene,garnet,. hlogepiteendspinel. Mostof the primary mineralogyis relict after
serpentineo_1chlorite. Thesemineralconstituentsandalterationproductsare founddispersed
throughoutthebrecciamatrix. Hatefial_'-ivedfromkimberliteconstitutesabout12Z of the
breccia&About3%ofthebrecciaconsistsofigneous,alteredigneous,andfollatedmetamorphic
rocksderivedfrom mebasement.Denseultranaficmantle-derivedfragments,whichinclude t1
ecloglte,Iherzoltte,websterite,andjedeite-pyroxenite,ore rare. Thedistinctlycomminuted
texture,theabsenceof slllcotemelt,andthedispersionof klmberlltematerialthroughoutthe
breoclaIndicatesthatthedikewasomploced_ afluidizedvolatileandsolidparticlesystemdriven
by1-120andC02.Thesourceofthekimberlitemagmahasbeenestimatedtohovebeenata depthin
excessof I00 kin.

!

Zeiss Infrared Photographs •

T_ Zelsscamerausedcolorinfra-red filmwitha spectralrangeof 510-900 nm. The
fleldofviewisapproximately7 kilometerswithagroundresolutionof aboutI-2 meters.These
hl_-quelitystereoImagesprovldearegionalperspectiveof theflightlinesandfacilitatemapping
of finestructuralfeatures.Theseimageswereourprimarydatafor locatingthegroundtracksof
boththe I_01 and^15dote.Thehigh-resolutionandstereoviewingallowthe influencesof
topographyendtexturetobeassessed.

EastendSouthofMosesRockthePermianbedsdipmoderatelyawayfromthediketowards
onarm offlat-lyingTriassicandJurassicsandstones.WheretheNovaJosandstoneIs exposeda
prominentsetofparalleljointstsvisible. TheyareorientedapproximatelyESE/WNWendare
regularlyspacedat 50 to I00 meter Intervalswithno apparentoffsetalongthejoints. The
orientationOftheJointsIsorthogenoltotheaxisoftheMonumentupliftandCombRidgewhich
Impliesthojointserea resultoftheregionalstressesthatexistedduringthe formationof the
upliftandmonoclino,ThereerealsoscatteredItneetlonsorientedabout60 degreestothejoints ,
andlocalizedcirculartaxicurvl-Ilnear fracturepatternsin thesomeformation. Theseore ,_,_;
attributedto localstructuralresponseduetostratigraphicIrregularitiesintheregionalstress
envlrmmont.

OnthebasisoftextureandcolorintheZeissImages,HosesRockdtkeisdividedIntothree . ",

units;theheed,thebody,andthetail. Theapparentcolorofeachunit IsdistinctiveintheIR _ ,.]07
L
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+, photograph_,paleblue,green,endgreytoblue-gray.Theheedisoomplexendcoarselytextured.
_ Ontheeastmarginoftheheada longlinearfeelerdikeintersectstwoellipticalmoundsofuniform
! debris. In theI_, largelocallyderivedbrecciablocksere surroundedbya mottled,bright

matrix. Thetall is characterizedby a uniformfine-grainedtextureandanabsenceof breccia
blocks.900 meterseastofthe tall Isasmallellipticalzoneabout300 metersIn lengthwiththe
long=isorientedparalleltothebeddin_It issimilar intextureandapparentcolortothetail,
andmwbeapreviouslyundetectedsatellitedike.

; NSO01(TM 51mulator)

t Airbornesimulatedthematicmapper(NSO01)digitaldatawereoxzninedtoquantifythe
qualitativeobservationsfrom the ZeissImages.RatioImageswer_ prosperedandprincipal
componentanalysis(PC,&)imageswerestudiedinthispreliminaryexar,inationto betterdefine
thegeneralnatureofMosesRockdike_ wellaspotentialsatellitedikes.

_= It is apparentbyvisualinspectionthattheunitsof thedikeshowthegreatestspectral
variationinthefirst fiveTMbands.Manyratioswereexaminedanditwasfoundthattheratios

_i ofbands2 (0.53-0.60l.zm)to5(1.00-1.3,5lJm)andban(Is3(0.63-0.69lJm)to5 (1.00-1.35
IJm)bestdifferentiatethedikeunits. Inbothimagesthetall hasa uniformlyhighratiowhilethe

+_ heedandbodyshowanirregulardistributionof regionswitha highratio. Comparisonsof these
•! regionsto the Zeissimagesshowthat theyoccurin the intersticesbetweenbrecciablocks.!
_._ Kimberlittcmineralcomponentsendalterationproductsare founddispersedthroughoutthe

matrix(see(3eologysection),endmayaccountfor theobserveddistinctionin theratioIm_es.
=

Furthercomparisonwiththe geologicmapof MosesRock(McOetchin,1968) showsthatthe
regionswiththehighestratioscorr'es_ verywellwiththeunitsmappedascontainingthemost
serpentineinthematrix•,%mebedswithintheCutlerformation,however,exhibitcomparable
ratiovaluesandmayalsobea significantcomponentof thematrix. Thepotentialsatellitedike

.- unfortunatelyliesalongoneofthesebedsendwasunresolvableintheratioimages.
• PC&of thefirst six thematicmappecbendswasdoneto furtherclassifythedike. The
_. programusedacceptsup tosix inputimagesandbya lineartransformationof thevariables

producesImagesof thefirst threeprinciplecomponents.Althoughtheresultsof thePCAareat
themomentpreliminaryendqualitative,thethirdprinciplecomponentimageclearlyshowsthat
the"satellitedike" is similar in natureto the tail enddifferentthanthe sadimer,taryunits
surroundingIt. With furtheranalysisof theprlncll_l componentImagesInconjunctionwiththe +_,.
ratioimages,weexpecttoobtainabetterunderstandingofunitdistinctionswithintheMosesRock
are&

J

Airborne ImagingSpectrometer (AIS)

,Sixofsevenshort̂ ISswathsdidcrosstheMosesRockdiketarget.Fiveof thesewerein
the'rock'mode(about1.15 to2.351_m);onewasIn the'tree' mode(about'_66 to2.04Urn).
DataprocessingwasperformedatJPL usingthe specialized,butversatile,_'_were package
'SPAM'developedbyJ. Solomon.Wber_this usefulpackageis incorporatedintoCheYAX-based

+ VICAR2package,wewill conttn,=ê15analysisusingourfacilitiesatBrown.

. _ AISDataAssessment.

_'i Althoughthedatafrom thisflight wereadequatetodeterminethatusefulspectroscopic
Infermatlenis Indeedobtainablefor kimberllte-bearlngsurfaces(seebelow), therewerea
numberof undeterminedinstrumentalor calibrationproblemsthatmadethe precision,and
possiblyaccuracy,ofthedatalowerthenit shouldbe.Seriousline-to-line(spatial)bendingwas ,,
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observedforabeothalfthespectralchannels.Bandinginonechannelwascorrellatedwithbanding
inneighboringchannels.Forafewchannelsalong-treckstrippingwasalsopresent.Theseeffects
added¢onsideroblenoiseto thespectroscopicmeasurementsof pixelgroupsendcouldnotbe
removedwithoutdestroyingmostspatialinformation.

AISDataPr_inck

Dataanalysisdealtlargelywith 'relativereflectancespectra'pro_c_ by ratlolngthe
spectrumofanareaof interesttothespectrumofe standardarea(chosenas representativeof
localsoil aroundthe dike). Thisprocesshasthe advantageof allowinginstrumental
atmosphericeffectstobecancelled(exceptinsaturatedwaterbands).Toobtaintruereflectance
spectre,thestandardareaneedstobecalibratedindependently.For thesepreliminaryanalyses
wehaveassumedthat the spectralcharacterof the standardsoil ls relativelyfeatureless.
(Anticipatedfieldworkthissummerwillcheckthis.)

Oncedistinctivespectroscop_areaswereidentified(seebelow),the,_^M'find'function :"
wasemployedonthetypespectrum(original,notratiead)toestimatearealextentofaunitwithin '
thsklSswath.

AJSDataAnalysis.

Withinthelimitsof thisflightofdata,two(llstlnctunitswithwell-defln_spectrosc_!c
featureswere identifiedin additionto the morespatiallyextensivelocalstend_d.T_evast
majorityof surfacematerialcoveredin theAISswathis notgreatlydifferentfromour chosen
standard. _ ,

I Thefirst of thespectroscopicunitsls in thedikeandis whatwehavetentativelycalled _ 'MosesRock'kimberlite'.Thetypearm waschosenbasedoqtheunpublishedmapofMc6etchin 4 .
=- (1968). Thistypeareawascrossedby ^15swathsof bethspectroscopicmodesallowingits

spectralcharacterto beexaminedfrom 0.86 to 2.35 Urn.The'kimherlite'areaexhibitstwo

spectralfeatures:I ) a bandthatbeginsrelativelysharplyat about2.25 gmandIncreasesIn ,

ebsarption(up toabout25Z) toward2.35um; end2) abreadbandof simillarstrengthbetween
0.86and1.50umwithanapparentcer,ter near I. 15Urn. Thesefeaturesare consistentwith
serpentlzedolivine-bearingrocksor soil, currently our preferred Interpretation. For

j oompertsonour "kimborllte"relativespectrumispresentedIn Figure!, andasorpentlzedolivine _ "_ 4
•_ reflectancespectrumfromHuntandSalisbury( !970) ispresentedinFigure2.

i

' _. Rklmb 50

2

0 IO _,L 20 5

_ W_'ELENGTFl iN MICRONS _.

wavele_lth - mi¢ronll

Figure I. AI$spectrafromcombined'rock'and'tree' Figure 2. Reflectancespectraof ,._'_
; modesforour st_dardarea(AIS,rawcalibrated serpentlzedolivine( fromHuntarid

spectrum)andthe'klmberllte'area(Rklmb,reflectmoeSalisbury,1970)
spectrumrelativetothestandardareaspectrum).
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Thesecondspectroscopicunitoccurs8solocalsoiltypeeestofthedikethatexhibitso
weekbend(elx_Jt7%) between2. I end2.35Wm,centeredneer2.2pro[endperhapsmother
featurehi,Ion bythe1.ggmatmosphericwaterhand].Weinterpretethisassoilcontainingon
8bundenceofahydratedmineral(currentlyundefined).

Summaryof Results

^lthoughwehavenotyet thoroughlyermlyzmtheInterrelationbetweenthe^15,It.SO01,
endZeissdate,it is cleerly importanttohavecoordinateddate:onetypeofdateisneededthatis !
optimizedfor mapping surfaces(suchastheNSO01endZeiss)andallowsmaterialofgenerally i
similarcharacteristicstobeidentifiedandmappedoverlargeareas;_ anothertypeofdateis
neededthat is optimizedfor characterization ofsurfacematerial(suchasAI$) andallows 't
specificcompositionalInformationtobedetermined.TheAl$detahasproducedspectrathatcanhe

interpreteddirectly in termsof mineralcomponents.Maficmaterialat MosesRockdikehas i
tentativelybeenidentifiedendinterpretedasserpent/zealolivine-beeringsoils(confirmation !
awaitingfieldwork). TheN$O01imageshavenotonlyallowedthenecessaryregiormloverview, ,_
buthavealso identifiedadditionalareesin tr_ regionthat mw beassociatedwith thedike. i
kddltion81kI$ flightsand/orfieldworkfor"theseareaswill clerifytheassociation, i

.J

Recommendations
!

High-spectralresolutionmappingspectrometersprovideImportantInformationaboutthe
r compositionof surfacematerials. The^15 is n good,if notexcellent,prototypeof such ._
' instruments.Major areasof improvementthat wouldstronglyenhanceandenablescience

applicationsinclude: I) morecompletespectralcoverage[eg.0.5 to 2.Swm], 2) higher '
accuracyendprecision[ largelyefunctionofinstrumentcalibrationandnoisecontrol],3) wider

, swathwidth[or at leastcontinuationofcoordinatedmolt/spectralimagingoverewide"ere8]. _:
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N86-11636
ANALYSIS OF AIRCRAFT SPECTROMETER DATA WITH LOGARITHMIC RESIDUALS

I A.A. GREEN and M.D. CRAIG, CSIRO Division of Mineral Physics, Sydney,

Australia

ABSTRACT

i Spectra from airborne systems must be analysed in terms of their

mlneral-related absorption features. The first part of this paper
discusses methods for removing backgrounds and extracting these

features one at a time from reflectance spectra. The second part
_, discusses methods for converting radiance spectra into a form similar

I to reflectance spectra so that the feature extraction procedures canbe implemented on aircraft spectrometer data.

INTRODUCTION

Aircraft and spacecraft based spectrometer data pose

fundamentally different analytical problems to those we have found

when working with multlspectral imagery. These new problems are

associated with the analysis of curve shape. The overall brightness

variability which is the dominant feature in multispectral imagery is
now taken for granted and we are interested in the detailed shape of

the reflectance curve as a function of wavelength. In this paper we

shall deal with spectra in the SWIR region 1.9-2.5 _m and treat the

problems involved in analysing both reflectance curves, such as those

i obtained in the laboratory, and the more difficult problem of
radiance curves acquired by remote sensing systems, i

t
ANALYSIS OF REFLECTANCE SPECTRA

Reflectance spectra in the SNIR region are usually composed of a

flat or generally convex background with superimposed sharper

absorption features due to the chemical groups which are of interest I
for remote sensing. The information content of these curves lles

primarily in the wavelength position of these absorption minima and _
to a lesser extent in the relative intensity and shape of the

i absorption features. The extraction and parametrlzatlon of
absorption features in s spectrum is the first step in the
recognition of the chemical species which are causing the absorption

spectrum. In order to extract these features we must first remove

I the overall convex background.

_ This may be )done_by ratioing the spectrum to its "upper convexhull (or envelope , defined as the lowest convex curve lying above

the given spectrum. The resulting curve - called the "hull-quotient"
of the input curve - appears as a horizontal llne of height unity

Interzupted by abeorptlon features extending down towards the
horizontal axis. Figure 1 illustrates a raw spectrum, its hull, and :

hull-quotient. Note especially the enhancement of features beyond

! 2.2 _, where removal of the sloping background has brought out sharp
minima not identifiable in the raw data.

The technique is easily extended to permit the isolation and 1
extraction of individual features. Thus, the "first featuregram" is i

obtained as the union of hulls for the parts of the hull-quotlent to

t'III ""
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Left and to right of the lowest point on that curve. The ratio of

hull-quotlent to first featuregram Is a curve coinciding with the

_l hull-quotient, except for the absence of its dominant feature.

i Remaining features may be extracted successively until the residual

spectrum is reduced to mere noise fluctuation of no significance.

If Implemerted as described above the algorithm produces V-

shaped absorption f_atures which do not match well with the usual

inverted Gaussian shape of most absorption features. Improved

performance is obtained by making the featuregram coincide with the

curve (from which it is to be removed) between the points of
inflection closest to the minimum and on either side of it. The rest

of the featuregram is made up of the two hulls computed beyond those

points. Figure 2 illustrates the features extracted from a simple

reflectance spectrum.

Feature extraction can provide the basis for automatic

classification of spectra. Classification of two types is

:' possible,

_ The first type compares the wavelength position, relative depth

_: and shape of each extracted feature with a llst of characteristics of

_, reference materials, and makes an assignment in much the same way as

would a human interpreter.

The second type of classifier relies on the signs of first and

second derivatives of hull-quotlents. The second derivative of a

convex curve is always non-positive. On the other hand, the slope of

a featuregram will be negative to the left of the feature-mlnlmum,

positive to the right. The ratio of a hull-quotient to its residual

noise-spectrum equals the product of extracted features and so is

characterized by long runs of channels with the same sign for the
first or second derivative.

By encoding the sign as 0 or i, and concatenating the strings for

first and second derivative, we obtain the 2N-channel "binary

signature" of an N-channel spectr_a. The Hamming distance (equal to

the number of mismatches in corresponding channels) between two such

signatures provides an effective measure of their similarity. Input

spectra could then be classified by comparison with stored, library

spectra. '_

RADIANCE SPECTRA

Radiance spectra acquired in airborne systems bear little

resemblance to the laboratory reflectance spectra that would result

from sampling the surface materials along the flight path. _part

from the ambiguity introduced by the heterogeneous composition of

each plxel, the difficulties are of two kinds. First, topographic

effects, such as different inclination, affect the apparent

brightness of different occurrences of the same material. Secondly,

the solar illumination curve, unlike a laboratory light source,

. varies considerably in accordance with ptevaillng atmospheric
conditions.

Using a very simple model we relate the radiance measurement Xi_

_ to the reflectance Ri_ in sample i, wavelength _, by means of a
multiplicative formula

X = T RiXI , (1)

112 \.
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Figure I. Raw spectrum, hull and hull-quotient for a kaolinite
spectrum b_t_en 1.4 and 2.5 _,m.
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The "topographic" fdctor Ti accounts for surface variability with

.; sample number and is constant for all wavelengths, while the

"illumination factor" I_ describes the unknown illumination curve,

assumed the same for all points on a single flight llne•

Write Xi to denote the geometric mean of Xi_ taken over all
channel wavelengths _. With a similar convention regarding the other

new symbols we h_ve from (I)
2

Xl.= TIRi. I ,

/ hence by division

Xi x/Xi.= (RIx/Ri.) (IX/I .), (2)

independent of the unknown factor TI. The spectra represented by the
two sides in (2) _y be called the "topographically equalized" (or

"albedo equalized") versions of the input spectra (I).

The simplest way of elimlnatlng the unknown lllt_Inatlon factor

is by taking the geometric mean over all samples in equation (2).
With en obvious notation we find

x./x.. = (R./m..)(I_/I.), (3)

giving upon division

(Xil/Xi.)/(X.k/X..) = (Rix/Ri.)/(R._/R..). (4)

We have thus computed from the eriginal radiance spectra Xi_ a new
set of spectra with the advantage that they are the same as would be

obtained by applying the same process to the unknown reflectance

spectra Ri_.
The geometric means must, in practicegbe computed from arithmetic

means of logarithms; hence_it is the logarithm of the quantity in

(4) which results from the processing. Such spectra are termed the

"logarithmic residuals" of the original spectra Xix, the quantity In

(4) giving then the "exponentiated log residuals" of the Xi_. This _.
residual method has some features in common with that used by Marsh

and McKeon (i983) but it is also fundamentally different in the way

it removes the IIfactor. i
Log residual spectra lack some of the information originally !

present. For example, a mineralogical absorption feature present in

all samples, even If situated away from the known positions of

atmospheric absorptions, will be treated as a component of I_ and
removed by the processing. On the other hand, a mlneraloglca)

feature whose presence in a few samples was obscured in the radiance

spectra, due to its coincidence with a major atmospheric absorption,

will become evident in the log residual data. Thus, despite its

limltstlons, the log residual transformation of radiance spectra from

airborne systems has shown itself to be a very useful aid to

interpretation•

lhe log reoidual technique as described above requires

modification to render it compatible with the processing described

earlier for reflectance spectra, Suppose, for example, that a

particular absorption feature, such as the clay/muscovlte feature at _

2.2 microns, is strongly represented within a flight llne That _• %
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feature will then persist in the geometric mean (3) of the albedo

"' equalized spectra. Samples which do not have an absorption at 2.2

microns will give values at 2.2 pm which are high relative to the

f mean. The ratio (4) for such samples will thus exhibit what may

facetiously be terTaed an "emission feature" at that wavelength.

Such features will of course d_feat the algorithm for

(absorption) feature extraction. To overcome the problem we need a

replacement for the geometric mean (3) which likewise contains the

factor IX/I. , but is never less than any value (2) which _t is to

divide. The required quantity is of course the least upper bound

spectrum (LUB)f

tUB (X ) = LUBI(RIx/R ii ix/El. . , ")(I /_._

taken over all sample numbers i. We get in place of (4)%
z

,_ (Xik/Xi.)/tUBi(XiA/X i.) = (RIx/Ri.)/LUBI(Rik/Ri.) , (5)
.
L

, which may be termed the least upper bound (or supremum) residual

'_" corresponding to X i_.
_;i The least upper bound residuels may be computed as well from the

earlier log residuals as from the radiance data. We have only to
observe that the h.ft member in (5) equals

L

[(Xix/X i ),/(X k/X )]/LUB [(Xik/X i )/(X %/X )].

This observation has allowed us to use, as input, an extensive ]
library of early log residual back-up tapes, to generate least upper

bouud residuals with a minimum of computation.
!

EXAMPLES
¢

Aircraft data were acquired over a number of Australian test

sites with the GER spectrometer system (Collins et al., 1981) in

• September, 1982. The examples used here are taken from a flightline

over the Mary Kathleen area in NW Queensland. The data were

corrected for instrument response function and processed t6 log _

residual spectra and least upper bound spectra as described above.

Figure 3 shows the results of the two procedures when used on

data averaged over three uniform areas of distinctly different

terrain type.

DISCUSSION

The area covered by the flight line used in this example can,

to a first degree of approximation, be thought of as being composed

of two cover types. These are firstly, a mixture of soll with arid-

land grass known as spinife., and secondly, an anomalous Ca-rlch clay

which is exposed in the Mary Kathleen open pit. The spectra of both

these species are incorporated into the mean reflectance spectrum of

the flight llne and so will be subtracted from each true spectrum to-z

produce the log residual spectrum for any given sample in the

r flightline. The result for a region which is typical of the

- grass/soll mixture is shown in Figure 3(a). The log residual
spectrum (upper curve) is what we call a "not - C_-clay" spectrum.

__ 116
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It contains an upward feature with the inverted shapeof a Ca-clay
absorption feature. In contrast, the least upper bound residual
(lower curve) shows a typical spectrum for a mixture of dry grass and
a 2.2-absorbing clay. Although the least upper bound procedure does
remove obnoxious upward features it superimposes a very strong dry
grass spectrum onto the spectra of all samples except those from the
open pit. In doing this it is correctly reproducing the reflectance
spectra of those samples but it is also masking subtle mineralogical
features evident in the log residual spectra, Figures 3(b) and
3(c). From this we can see that, in areas of relatively uniform dry
grass cover, the log residual spectra have certain advantages. They
remove the unwanted dry grass spectrum, leaving a spectrum which can
more easily be alloted to the mineralogy.

CONCLUSIONS

Successful analysis of airborne spectrometer data depends on an
ability to extract absorption features and measure their wavelength,
shape and intensity. Background removal and feature extraction

procedures can perform this function on reflectance curves. Radiance
spectra can often be converted into "reflectance--like" curves by log
residual or least upper bound residual methods which then enable the

application of feature extraction procedures.
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N86- 11637 'J
COMPARISON OF AIS VS. TMS DATA COLLECTED OVER THE VIRGINIA PIEDMONT

R. BELL, NASA/Goddard Space Flight Center, USA; C.S. EVANS, University of
Maryland, USA

ABSTRACT

The Airborne Imaging Spectrometer (AIS), NSO01 Thematic

Mapper Simulator (TMS), and Zelss camera collected

remotely sensed data simultaneously on October 27, 1983,

at an altitude of 6860 meters (22,500 feet). AIS data

were collected in 32 channels covering 1200-1500 nm. A

simple atmospheric correction was applied to the AIS
data, after which spectra for four cover types were

plotted. Spectra for these grourd cover classes showed y
a telescoping effect for the wavelength endpolnts.

Principal components were extracted from the shortwave

region of the AIS (1200-1280 nm), full spectrum AIS

(1200-1500 nm) and TMS (450-12,500 nm) to create three
separate three-component color image composites. A

comparison of the TMS band 5 (1000-1300 nm) to the six _

principal components from the shortwave AIS region (1200- i
1280 nm) showed improved visual discrimination of ground

cover types. Contrast of color image composites created

from principal components showed the AIS composites to
exhibit a clearer demarcation between certain ground cover

types but subtle differences within other regions of the
imagery were not as readily seen. Verification of these

preliminary results is necessary since the AIS data were

collected in a fixed grating position with 32 channels

. compared to a greater spectral coverage of the TMS. Also,
no ground checking has been performed. In addition, the

AIS data were matched with TMS data from the more distal

i (from nadir) pixels in the swath coverage where pixels _.
| exhibit the most distortion.

DISCUSSION

Remotely sensed data from the Zeiss camera, NSO01
Thematic Mapper Simulator (TMS) and Airborne Imaging

Spectrometer (AIS) were collected during a flight of the

NASA Ames C-130 at an altitude of 6860 meters (22,500

feet) On October 27, 1983, over the Chopawamsic Formation
in the Piedmont Province in Central Virginia. This region

consists of metamorphosed graywackes, subgraywackes, and

impure quartzites interlayered with altered greenstone

volcanics. This region is heavily vegetated, and in
undisturbed areas is covered with both deciduous and

coniferous forest. Due to the relatively flat topography
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much of the region is under cultivation, including

coniferous plantations.

Nadir pixel resolution for the TMS data was 19

meters and the swath width was approximately five

kilometers. In contrast, the AIS data featured a nadir

pixel resolution of 14 meters and the AIS data featured

a nadir pixel resolution of 14 meters and a relatively

narrow swath width of one-half kilometer.

The AIS was operating in the fixed grating mode at

(old) position 0 (1200-1500 nm). This grating position

includes spectral information associated with vegetation

biomass and leaf water (Tucker, 1978). During the 1983

season the AIS utilized a 32x32 element HgCdTe area array

detector (JPL, 1984). A vldeo screen was available to

the on-board investigator to track collection of the TMS

data set but the actual AIS swath was not delineated. It

waq found post-flight that the AIS was offset from the

test area approximately three kilometers to the west.

Thus, the following analysis is restricted to a comparison
of TMs vs. AIS data since we were unable to evaluate AIS

data in a known region of stressed vegetation related to

our present geobotanical anomaly project.

Our approach in evaluating the AIS data was three-

fold. First we examined AIS spectral information in the

1200 to 1500 nanometer range to determine whether the

narrow spectral band data were yielding new information

or if redundancy would be evidenced. Second, we compared

the TMS band 5 (1000-1300 nm) to the shortwave region of

the AIS (].200-1280 nm) for a possible increase in the

ability to visually discriminate ground cover classes

in the two data sets. Finally, to further assess ability

to discriminate ground cover classes, we enhanced thre_

separate color image composites utilizing principal

components for the TMS data, shortwave region of the AIS,

and full spectrum of AIS, excldding the water absorption
channels.

Prior to image processing, a simple atmospheric _
correction, based upon signal return over a waterbody,

was applied to the AIS data. From infrared photography,

four classes of ground cover were chosen containing

information in a coniferous tree stand, agricultural

field, waterbody, and over two separate deciduous tree

stands.

To begin appraisal of spectral information in the

1200 to 1500 nm range, the spectra for the above mentioned

classes were plotted. From these spectral plots it was

usually noted that there appeared to be a telescoping of

the actual positioning in the channels from both ends of

the grating position. A nominal shift of I0 nm to the

longer wavelengths at the 1200 nm position was observed

%
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together with a i0 nm shift to the shorter wavelengths at

the 1500 nm position. Otherwise, the relative reflec-

tance values for classes were found to be as expected

based upon the color infrared photography for the fall
season.

Next, to compare TMS and AIS in an image interpre-

tation context, TMS band 5 (1000-1300 nm) and six AIS

principal components (1200-1280 nm) were enhanced.

Even though the AIS principal components exhibited

vertical striping in several samples due to dead pixel

elements (JPL, 1984) and horizontal noise in a periodic

manner, certain ground cover classes were more readily

t defined. Fields not distinguishable from one another
with TMS data were separable with the AIS data. Also

texture was more apparent in forested areas in the AIS

data, allowing demarcation of what are perhaps species

assemblage changes within such areas based upon subtle

-_- changes in texture. Such forested areas could only be

outlined with the TMS data. This result appears to be

related to the fact that six orthogonal AIS components

, overlap spectral information contained in only one TMS
channel.

, Finally, three color composites were created from

principal components using (I) TMS data (450-12500 nm),

(2) shortwave region of AIS data (1200-1280 nm), and

(3) the full AIS spectrum (1200-1500 nm) excluding the

water absorption bands. While the AIS composite enabled

a clearer demarcation between certain ground cover

types as previously noted, subtle differences within

other regions on the image were not as readily seen in

• the AIS composite.

Verification of these very preliminary results is

necessary since no ground checklng has been done. The

AIS data were matched only by the more distal (from nadir)

pixels of the TMS data. In addition, a fixed grating

position (1200-1500 nm) was employed for the AIS dat,

collection whereas the TMS recorded data in eight bands _-.

covering the 450-12,500 nm range.
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- A PRELIMINARYINVESTIGATIONOFSYS"TEMATICNOISE
_ INDATA ACQUIREDWITHTHEAIRBORNEIMAGINGSPECTROMETER

EdwardMasuoka,GoddardSpaceFlight Center/NASA,Greenbelt,MDUSA

Systematicnoise is present In airborneimagingspectrometer(AIS)
data collectedonOctober28, 1963 andMay5, 1984 in grating pcsltion0
(I.2-1.5 pro). In the Octoberdata set the noiseoccursas 135 scan-lines

._ of low DN'severy270 scan-lines. Thenoiseis particularly badtn bands
ninethroughthirty,restricting effective analysisto at bestten of the 32
bands. In the Megdatathe regionsof severenoisehavebeeneliminated,

.L but systematicnoiseis prese;_twith three frequencies( 3, 106end200

i scan-lines) in ell thirty-two bands. Theperiodicnature of the noisein " ibothdatasets suggeststhat it couldbe removedaspart of routine
processingat JPL. Thisis necessarybeforeclassification routinesor
statistical analysesare usedwith thesedata. i

'i

BACKGROUND i

'; I

• _ Data wereacquiredonOctober28, 1983andMay5, 1984 with the *
•I airborneimaginqspectrometer(AIS) over the GeorgeWashingtonNational _ ' i
. ! Forest tn WestVirginia in order to examinethe utility of sensorswith

highspectral resolutionfor geobotenicaimapping.TheOctoberAI5 data
. covered thirty-two bandsin the 1.2-1.5pm regionandwhile the Maydata ,_

, covered128 spectralbandsin the 1.2-2.4pm region,onlythe first
,$

thirty-two bandswere analyzedin this study. TheOctoberoverflight of -,
the test sites produceddate with considerablenoisein bendsninethrough
thirty (Figure 1).Histogramsof thesebandswere blmodalwith noise ;
forminga significant peakat thirty or lessdigital counts(Figure2). The
effect of the noiseonunsupervlserJclassification wasdramatic. Forest '

i communitiesin areas In whichnoisewas presentwereplacedin separate
classesfromsimilar commu.nttiesIn the noise-freeregions. Figure3

' illustrates the difference in classified imagesproducedusingonlynoise-
free bandsandall 32 bands. Inthe latter case,noise-relatedclasses

[ appearat regular intervals acrossthe image. TheMayoverflight produceddata with reducednoise(Figure4). The large regionsof low digital !
numbers(DN's)presentIn the Octoberdatawere gone. However, perlodtc"

1 noisewas still presentat a level unacceptablefor statistical analyses ,_
- which Involvecomparisonsof reflectance betweensmall test sites.
| ,.' Ik

t_

123 ".

!

.-I

1986002151-129



ANALYSIS

Thenoisein the October1983 AIS data was first recognizedin a
principal componentstransformationof the 32 bands.Whenthe first four
principal componentsweredisplayed,the noise waspresentin components
two andfour asregionsof lower DN's(Figure5). Anexaminationof all
thirty-two bandsrevealedthat there wassubstantialnoisein bands9-30,
which fall within a regionof strongwater absorption.Theremainingten
bandswhichfall outsidethis regionwere relatively noisefree. Inplots of

" columnsfrombandfifteen, noiseappearedas 130-140 linesof lowerDN's
whichoccuraboutever9 270-300 scan-lines. Similar plots for oneof the
noise-freebends,bandone,did notshowa regularpatternof either highor
low valuas.

!

i
: The largeregionsof noisewhichcharacterizethe Octoberdataare ,
_ absentfrom the May1984 AIS image(Figure4). However,noisein the
_'_{ aircraft electrical system,whichaffects roughlyevery third scan-line, is

worse in the Maydate.Alsonewin the Maydate are spikesanddipsin the
' signal whichappearevery 106 scanlines. In band1 theseappearas

scan-lineswith DN's2000 to 3000 countslower thansurroundinglines. In
!

bend 15 the samescanlinesare approximately1500 countshigherthan
surroundingl!nes. Theoccurrenceof this noiseat a preciseinterval i
suggeststhat its sourceis within the AIS system. A third typeof noise , j
encounteredin the Haydata is saturatedscanlines(lines in whichall the i
pixelshavethe value4095). The interval betweenthesespikes varies

" from 4 to 200 scanlinesandthe spikesoccurat the same location in all
bands.Theirregular interval betweenspikessuggeststhat the sourceof
this noiseis outsidethe AIS system.Principalcomponenttransformations
of this AIS dataoffer noimprovementover the raw data for interpretation _"

. (Figure6) becausenoiseis present in all componentsand is enhancedin I
componentsfour andfive. However,the results of an unsupervised 1
classification procedureusingthe dataare relatively unaffectedby the
noise.

Thecyclic nature of the electrical noiserequiresthat specialcare be
takenin performingstatistical comparisonsbetweentest sites alonga
flight line. Thepresenceof cyclic noisesuperimposedonthe reflectance
datacreatesa situation In whichplxels are more similar alongrows than
downcolumnsandplxels fromrows spacedonecycle apartmaybe roar's
closely related thanplxels fromadjacentrows. In placingtest sites one
shouldtr9 to locatethemonscanlineswhichare at the sameplacein the
noise cycleandthe test sites shouldbe largeenoughto adequatelysample

- . ". _.%se,..
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_ the variations in DNdue to noise as well as variations dueto canopy
reflectance. Finally, the means from the sites should be usedos

observations in the analysis andnot the individual pixels. This is
particularly t,_,,ortont due to the high degree of autocorrelut_on which
stems from the electrical noise.

'! CONCLUSIONS I

Noise is present in both the October 1903 andHay 1904 AlE;data sets '.

acquired over the George Washington National Forest. The noise is for the

most part periodic, occurring every three and 106 scanlines. Suitably i
chosenfilters should be used to remove the noise prior to making
statistical comparisonsbetween test sites using these data sets. ..

I

, I

1'
&

i

; Fig. I. El9&, bands from the October 20, 1903 AIS flight (band {

numbers appear to the left of the each imago) it
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_.:: Flg. 2. dietogramsof ONvaluesfor the eight bandsIn figure I.
Noiseappearsas c peakIn the one-to-thirtyONrange.
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1 Fig. 3. Twoclassificationsproducedbyanunsupervisedclustering

ill routine,ISOCLS.Theleft imagewasproducedfromonlgthe
, first eightbandsof theOctoberdata.Theright imagewas
! producedusingall thirty-twobands.Homogeneousregionstn
', therighttmogeoccurwherenoiseis thegreatest. .
b

.t

1

!

t

i,i

Fig.4. EightbandsfromtheMay5, 1984data.
127 ,,
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L

. Fig. 5. Principal componentsanalysisoil thirty-two bandsfrom the
October dote. The first principal component is on the left.

i

F

" Fig.6. Fiveprincipalcomponentsproducedfromthefirstthirty-two

,_" bandsof the May5, 1984 dote. ,
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DISCRIMINATION OF COASTAL VEGETATION AND BIOMASS USING AIS DATA

MICHAEL F. GROSS AND V. KLEMAS, College of Marine Studies, University
of Delaware, Newark, Delaware, ]9716, USA.

ABSTRACT

The AIS was flown over a coastal wetlands region near

Lewes, Delaware, adjacent to the Delaware Bay on 16 August

1984. Using the AIS data, it was possible to discriminate

between four different types of wetland vegetation canopies:

(i) trees; (2) broadleaf herbaceous plants (e.g. Acnida

cannabina, Hisbiscus mO_rSCheutos); (3) the low marsh grass

Spartina alterniflora; and (4) the high marsh grasses

Distichlis spicata and S_partina patens. The single r.ost #
useful region of the spectrum was that between 1.40 and {

1.90_, where slopes of portions of the radiance curve and
ratios of radiance at particular wavelengths were signifi-

cantly different for the four _anopy types. The ratio

between the highest digital number in the 1.40-1.90p and

.84-.94p regions and a similar ratio between the peaks iP

radiance in the 1.12-1.40p and .84-.94_ spectral regions

were also very effective at discriminating between vegeta-

tion types. Differences in radiance values at various

wavelengths between samples of the same vegetation type

could potentially be used to estimate biomass. Thus, high

spectral resolution spectrometry appears to have great

potential value for remote sensing studies of wetland

vegetation.

INTRODUCTION

" Radiance measurements made using hand-held radiometers have been

found to be correlated with, and have been used to predict, biomass of ?

wetland vegetation (Drake 1976, Jensen 1980, Budd and Milton 1982, _

Hardisky et al. 1984). Landsat imagery has been successfully used to

map surface cover types in wetlands (Bartlett and Klemas 1981, Butera

1983). This investigation reports on the potential of AIS data to dis- i'

criminate between wetland vegetation types and to estimate biomass.

MATERIALS AND METHODS.|

The AIS was flown over the Old Mill Creek Marsh near Lewes, Delaware,

located at 38°45'N and 75°i0'W, oP. 16 August 1984, at approximately 13:30

EST during low tide. The flight line extended from the head of 31d Mill

Creek to the Delaware Bay. The swath width was about 320m and the flight

line was over 5km long. Spatial heterogeneity and vegetation patchiness

within the study site are very pronounced and few monospecific areas

exist. For the purposes of this study, the vegetation within the flight

line has been grouped into four broad categories based upon dominant _.

i 129 ,_ "
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species: (I) SN, low marsh grass S. alterniflora; (2) PD, high marsh

grasses S. _atens/Distichlis spiuaca; (3) AH, A. cannabina, H. moscheu-

to___ss,and other broadleaf low-salinity marsh species; and (4) TR, trees.

The AIS data were processed and corrected for effects of the solar

irradiance curve by JPL. It was unfortunately not possible to correct

/ for the striping due to unequal detector response or for water/atmos-

pheric absorption effects in our AIS imagery. In selecting areas for

analysis of spectral features, samples 5x5 pixels (50mx50m) in size were

chosen in order to lessen the effects that variability in detector

_ response would have on the spectral radiance curves generated. T

c

RESULTS

Figure 1 displays curves of the reflected radiance of representative

AH, TR, SN and PD canopies in the Tree Scan Mode (.84-2.04_). Four water 4.

absorption regions centered at about .94, 1.13, 1.40 and 1.87_ are evident. {

,. The spectral curves of the four canopy types exhibit the same basic fea-
_ tures. In the first reflected radiance region (.84-.94p), hereafter re-

_ ferred to as region i, a peak occurs at .87p. The radiance peak is at
_- 1 05_ within the second radiance region (94-I.12p) The third major_, • ° •

radiance region (i.12-1.40p) is characterized by a peak radiance at about
!

1.22p, while a radiance peak at 1.70p occurs in the fourth radiance

region (1.40-1.90p). Radiance values between 1.90 and 2.3411 (from the

_ Rock Scan Mode) were very low and therefore substantially ]ffected by the i
variability in detector response, so this spectral region was not exten- i

sively analyzed, i

The reflected radiance values of SN canopies are lower than those

cf the other three vegetation types. TR radiance tends to be greater }

than SN radiance, while the PD and AH canopies exhibit the highest radi-

ance value_. The AH curve in region 4 zs distinctly different from

those of the other three canopy types. A comparison with the PD curve

reveals the differences mcst clearly. The slope of the AH curve between

=1.56 and 1.70p is much greater than that of the PD curve. Also, the AH

curve peaks slightly beyond 1.70_, and has a relatively high digital

number (DN) value at _1.82p. The unique features of the AH curves are _

more obvious in Figure 2, where reflected radiance curves between 1.43-

1.891] frcm zepresentative samples of AH, PD and SN are plotted.

Table ! lists the mean of several slopes and ratios which were used

to successfully discriminate between the four major vegetation types.

The first parameter, the ratio between the highest digital number in

regions 4 and i, was significantly different between five out of the six

possible vegetation pai.rs (AH-TR, AH-SN, AH-PD, TR-SN and TR-PD). Only

the SN and PD canopies were not distinguishable using this ratio. A

similar ratio between the peak DNs in regions 3 and i separated all pos-

sible pairs but the TR-PD and SN-PD pairs. The other three measures of

_iscriminat_on between vegetation types shown in Table 1 rely solely

upon properties of radiance in the fourth region (1.40-1.90p). The

slope of the straight line drawn between the DN at 1.56_ and at 1.47_

separated all six possible vegetation pairs, the 1.70_ DN/I.82_ DN ratio,

all but the TR-PD pair, and the slope of the straight line drawn between

t_, the i.70p and the 1.56p DN, all but the TR-PD and AH-PD pairs.
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DISCUSSION

Although the magnitude of the reflected radiance curves between the

four vegetation types (AH, PD, SN, TR) differed substantially, the shape

of the curves was generally similar in the five radiance regions bounded

by water absorption bands between .84-2.34_, with the exception of the

AH curve in the 1.40-1.90_ region. The reasons for the peculiarities of

the AH curve are not obvious and indicate a need for additional field

and laboratory studies. Region 4 (1.40-1.90H) is the single most useful

region for discriminating between wetland vegetation types.

Although the data were not shown, the magnitude of reflected radi-

ance varied among samples of the same vegetation type. Hardisky et al.

(1984) demonstrated that an Infrared Index [(.76-.90_ radiance-- 1.55-

1.75_ radiance)/(.76-.90H radiance + 1.55-1.75_ radiance)] could be used

to successfully predict biomass in Delaware wetlends. This suggests

that if field data were collected, the AIS radiance data in the near

infrared and in the middle infrared could be correlated with biomass and

prove very useful in estimating biomass or productivity of wetland

vegetation.
Table 1 indicates that, by using a combination of very basic, easy

to compute ratios, it should be possible to map wetlands according to

vegetation type. This demonstrates the utility of high spectral resolu-

tion data for remote sensing studies of vegetation. None of the ratios

in Table 1 could be calculated from Landsat MSS or TM or from SPOT data

since these instruments only collect data in very broad spectral bands.
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BYRON L. WOOD, Technicolor Government Services, Inc.,

NASA/Amcs Research Center, Moffett Field, CA, USA; ROBERT

C. WRIGLEY, NASA/Ames Research Center, Moffett Field, CA,
,'" USA.

ABSTRACT

Airborne Imaging Spectrometer (AIS) data were acquired

- over an agricultural area in eastern San Joaquin County,
California in July, 1984. Cover-- type information was

, subsequently collected for all fields along this flight
line. The lack of detailed ground data on individual

fields, however, limited AIS data analysis to a qualitative
comparison of the spectral reflectance curves for a total of

nine cover type3. Based on this analysis, it appears that

cover types with a positive slope in the 1550-1700 nm region

have a higher spectral response in the 1200-1300 nm region

_ compared to those cover types with a negative slope in the
:_. 1550-1700 nm region Within cover type, spectral variability
"6_

was also found to be greater than that between cover types.
Given the lack of additional field data, the reason for

" these differences is a matter of speculation.

o

INTRODUCTION

For several years, the NASA/Ames Research Center

(NASA/ARC) has been involved in the application of remote

sensing data to agricultural research in California. During

the 1983 growing season, researchers at NASA/ARC and thec

University of California, Berkeley cooperated in the

collection of ground data including: crop type, growth

stage, percent ground cover, canopy height, surface
moisture, weediness, row direction/width and irrigation

method on over 200 fields in eastern San Joaquin County, .
California. The collection of these data was coordinated

with the acquisition of Daedalus Thematic Mapper Simulator
(TMS) data on seven dates throughout the growing season.
These data were used both to evaluate Landsat Thematic

Mapper (TM) resolution data for crop identification and

mapping and to understand the relationship between changes
in surface/crop conditions and spectral reflectivity.

One of the findings of this research was that at the
level of TM data resolution, considerable spectral crop

confusion results from the relationship between crop canopy

structure, percent ground cover and soil moisture content.
In an effort to address this issue, Airborne Imaging

I Spectrometer data were requested for a portion of the SanJoaquin County study area. The intent was to coordinate the

_S _ collection of ground data with the acquisition of the AIS

-i
_" " 1J4 ""
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data. Ground data collection was to include those variables

monitored in 1983, as well as plant tissue for laboratory

spectral and chemical analysis. In autuality, it proved

impossible to coordinate these activities and only cover
type information was obtained several weeks after the AIS
flight.

DATA ACQUISITION AND ANALYSIS

The AIS, mounted on the NASA C-130 aircraft, acquired

data along Jack Tone Road in eastern San Joaquin County,
California on July 31, 1984. These data cover the

wavelengths between 1155 and 2336 nanometers (nm) at a

sampling interval of approximately 9.3 nm. Ground

resolution of the data is approximately ten meters with a 32
pixel swath width.

The 35-mm black and white photographs, acquired at the

same time as the ATS data, were used to locate the flight

line, and served as the base on which field cover-type data
were reccrded. The field reconnaissance took place in late
August, 1984. Due to this delay, some of the fields

identified as bare soil may have supported a crop at the

time of the AIS overflight. Whenever possible, these fields

were labeled as to previous cover type. If there was any

question about cover type at the time of the AIS overflight, !
the field was not included in the subsequent analysis.

Analysis of the AIS data was performed on a VAX 11/780

using IDIMS image processing software and additional
programs developed specifically for AIS analysis. All AIS

channels were registered for analysis purposes. No other
preprocessing (i.e., atmospheric correction) was, however,

attempted.

For each of the nine cover types identified along Jack
Tone Road, one or more two-by-two pixel areas were extracted

and labeled. The spectral values for all 128 channels were _._

then plotted. A preliminary analysis of the different cover

types was undertaken to determine the maximum reflectance

value against which other cover types cou]d be scaled. Of

the nine cover types identified, stubble had the highest
reflectance values and, therefore, became the reference

cover. Other cover types included: corn, alfalfa, h_ans,

sugar beets, tomatoes, peppers, vineyards, and bare soil.
An adobe clay soil was found throughout the study area.

DISCUSSION

Since the only ground data available to this study was
cover type, discussion of results is both preliminary and

speculative. Other researchers may opt to interpret these
data differently based on a areater knowledge of vegetation

t
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response in the 11.65-2336 nm region.

Figures 1 and 2, which show reflectance curves for

beans and sugar beets, respectively, are typical of the
aeneral patterns observed for most other cover types. The

positive slope in the 1550-1700 nm region for beans (.3) and

• sugar beets (.2) corresponds with higher reflectance values
in the 1200-1300 nm region. The negative slope in the

1550-1700 nm region observed in beans (.I) and sugar beets

(.i) corresponds with lower reflectance values in the
1200-1300 nm region.

:: -- BEANS. I
; -- BERNS. 3

(,

2

N

WAVELENGTH (NM)

, Figure i. AIS spectra for two bean samples. The positive

slope in the 1550-1700 nm region is associated with a higher
response in the 1200-1300 nm region. The negative slope in
the 1550-1700 nm region is associated with a lower response

in the 1200-1300 nm region. Unlike sugar beets, beans are
cultivated during a definite season and, as such, all fields

should be about the same age. The difference in slope is,

therefore, not easily explained on the basis of growth stage

or age alone.

136 "
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, = --- SUGAR BEETS.2
I, --_ SUGRA BEEI5.1

-t
#

l

Z -

_ u

o
g-

!
m,

WAVELENGTH (NM) ,

Figure 2. AIS spectra for twc sugar beet samples. The
positive and negative slopes of the reflectance curves in
the 1550-1700 nm region are clearly evident as was the _ase 4
for beans (Figure i). Since sugar beets are cultivated

year-round, it is nearly impossible to determine the growth

stage for the individual fields.

The negative slopes for beans (.i) and sugar beets (.I)
¢

- _ are =imilar to the curves shown in Figure 3. All bare soil
plots exhibited this same general shape. The similarity

. _ between these curves suggests that either the soil

background is influencing the reflectance (lower percent
ground cover), field conditions are drier, or the plants are

; undergoing senescence.

,l
[
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_ RLFRLFR.2
--BERN$,;
-- TOMRTOE5.2
-- PEPPERS.1
---- SIUBBLE.I

1

• t

;

e
....... v -- 1 ....... _ ....

18_016JO ?_JO

WAVELENGTH (NM)

Figure 3. AIS spectra for alfalfa, beans, peppers,

tomatoes, and stubble. All these crops hav_. a negative
slope in the 1550-1700 nm region. Although the shape of the
reflectance curves are similar, the values are different.

If not for the similarity of the curves in Figure 4 it

would seem likely that the difference was simply a matter of
crop-type differences.

k

Since no ground data were available for well-watered

fields, with complete canopy cover, it is difficult to

substantiate the idea that the positive slope in the
1550-1700 nm region corresponds to such ccnditions. This

view is supported, however, in part, by the higher
reflectance in the 1200-1300 nm region which is

characteristic of healthy acti_:e-growing crops. F:gure 4
shows four fields which follow this general pattern. All

have positive slopes in the 1550-1700 nm region and
relatively high and consistent values in the 1200-1300 nm

' region. Not only are the shapes of these curves similar,

138
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but the reflectance values along them are fairly similar. "J

This is surprising, given the considerable differences
between the four crops in terms of size, canopy shape, and

growth characteristics.

! °
----BEANS.3

ii _5UGAR BEEr5.2

• u iZ

_-
U •

iI i

,i
!

o i

!' i

04---- I t i

1150 1270 1390 I_lO 1630 l_50 1870 1990 2_110 e230 23%0 1

WAVELENGTH (NM) :,%....
Figure 4. AIS spectra of alfalfa, corn, beans, and sugar

*:- beetF. All these crops are examples of the positive slope

L in the 1550-1700 nm region Although the reflectance curves
are similar, the crops are different in terms of structure,

canopy, and growth characteristics.

J

The negative phase in the 1550-1700 nm region is shown
for flve cover types in Figure 3. Although the curves are

• similar in terms of overall shape, they exhibit considerable

va_iabiiity in reflectance values. Civen the similarity of

the curves in Figure 4, this difference in reflectivity can
: not be explained solely on the basis of different _over

type. It may, however, be a function of changes in the

plant as it becomes subject to m01_ture stress or reaches _
maturity. In either event_ reflectivity should change

. _------- 139 __

/

1986002151-145



C

throughout the spectrum. As moisture content decreases,

_ ' other leaf components will have a greater influence on

reflectivlty.

' CONCLUSIONS

Based on a preliminary, qualitative analysis of AIS

data acquired over an agricultural area in eastern San

Joaquin County, some basic differences between crop spectral
profiles have been identified in the 1155-2336 nm region. A

positive slope in the 1550-1700 nm region corresponds with

'_ higher reflectance values in the 1200-1300 nm region. This
'" does not appear to be related to crop type. A negative

slope in the 1550-1700 nm region corresponds with lower

: reflectance values in the 1200-1300 nm region. This also

does not appear to be related to crop type.

The positive and negative slopes in the 1550-1700 nm

. region seem to be related to plant moisture content, or
differences in leaf chemistry growth stage. All crops with
the positive slope had similar reflectance curves,

_:" regardless of considerable differences in crop structure and

_J growth characteristics. This suggests that whatever factor
• is the dominant influence on reflectance in the 1155-1336 nm

region is common to all of the crops studied.

Crops with a negative slope in the 1550-1700 nm region,

_- although exhibiting similar overall reflectance curves, show
considerable differences in terms of absolute reflectance

values. These differences may be a result of changes in

plant structure, moisture content, mineral uptake and,

L hence, leaf chemistry as the plant matures and apprcaches
senescence.

In order to answer the questions raised by these

spectral curves, one needs to collect considerable and

: detailed field and laboratory data regarding profiles of the _
plants of interest over time. Agricultural environments are
excellent areas in which to undertake these studies since

conditions are uniform over a broad region where they can be

easily measured, and since the entire sequence of plant
development stages occur in a relatively short period of
time.

I
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Application Of AIS Technology To Forest Napping

Stephen R. Yool and Jeffrey L. Star
Remote Sensing Research Unlt

Geography Department, University Of California
Santa Barbara, Callfornla 93106

ABSTRACT

Concerns about environmental effects of large-scale

deforestation have prompted efforts to map forests over large

£ areas using various remote sensing data and Image processing
techniques. Basic research on the spectral characteristics of

forest vegetation are required to form a basis for development of

new technlques, and for Image Interpretation. Examination of

Landsat data and Image processing algorithms over a portion of

boreal forest have demonstrated the complexity of relations

between the various expresslons of forest canopies, environmental

_| variability, and the relative capacltles of different image

processing algorithms to achieve high classlflcation accuracies
_ under these conditions. AIS data may in part provide the means-l

to Interpret the responses of standard data and techniques to the

ii vegetation based on Its relatively high spectral resolution.

i_ INTRODUCTION and OVERVIEW

i° Available forest maps are of insufficient accuracy, currency

and scale to evaluate the effect masslve forest cutting is having
on global carbon balance (Houghton and Woodwel I, 1981).

Scientists are concerned that an Imbalance in tLe global carbon

\ cycle will promote a "greenhouse effect" by the middle of the
next century (Sagan et al., 1979). To help evaluate this concern,

they have advocated the use of space-based remote sensing to
produce accurate maps of the world's forests (Botkin et al.,

1984; Woodwel I et al., 1983)_ The accuracles of such maps,

particularly In areas of high spatial complexlty, may depend upon '
both the environmental characterlstics of the area, and the data _

processing algorithms used to generate these maps.

This paper summarlzes our work on the relative performance

of Image processlng algorlthms, and dlscusses our preliminary
findlngs on the potential of data from the Airborne Imaging

: Spectrometer (AIS) to supplement exlstlng remote sensing

technology for dlstlngulshlng forest type classes. We describe

our study area In the forests of northern Mlnnesota, and
summarlze results of performance tests of standard processing

algorlthms deve'oped to reduce undesirable variations In spectral

reflectance data. Thls Is followed by descrlptlon of the AIS data

from the study slte, and a discussion of the potential of these

data to complement the vegetation classlflcatlon process.

_. Surface spectral varlatlons are needed to classify forest

types. Undesirable spectral varlatlons related to the angles of
the sun and sensor, the =tate of the atmosphere, and the type of

background sell, however, typical ly have an adverse effect on
%
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classification accuracy. Algorlthms have been developed to

reduce these undesirable spectral var!atlons and enhance features

In agricultural and rangeland vegetatlon (Krlegler et al., 1969;

Car_eggle et al., 1974; Richardson and Wlegand, 1977; Tucker,
197_; Holben and Justice, 1980). We have tested whether such

algorithms offer advantages over unprocessed data when large and
complex forested areas are classlfled.

SUNNARY OF CURRENT WORK

Landsat MSS data from a complex forested area in northern

_-* Minnesota were used to analyze the relative performances of
waveband ratios, statistical filters, and prlnclpal components

for classification of natural vegetation In the forests of

Northern Minnesota. We analyzed performances of spectral
variables produced using standard Image processing algorithms

(Table I), grouping categories of ground cover into 9 classes
:" (Table 2).

Table 1.

Spectral Variables of Landsat Data, Minnesota Study Area.

_" Score (%) Type Description A B C D E F G H [

- 48 14 0 MSS7.MSS5 * * * ** *; ** ** ***

47 17 RT (7lS]'oMTex * * ...... " * ..... i

46 15 0 MSS6,MSS5 * * * ** *' ** ** **"
I

45 7 R VIG * * "* "* *" ** *** !

45 10 R TVI7 * * ** ** _ ** *;_ t

" MS ....44 5 R S7/MSS5 * * ** ** * _ ***

" 44 8 R VI7 * ** _* ** _ ** ***

44 9 R TVI6 * ** *, * * * ** ***

43 6 R MSS6/MSS5 * * ** ** * ** ***
,, I

42 3 0 MSS6 *' ** ** ** ** ***

42 4 0 MSS7 ** *; ** ** *;*•

42 18 C (7/5)/PC2 * *** ** * * *** :

3B 11T MSSS,MTex " * ** * ** * ***

37 I 0 MSS4 * * * * ** " *'*

36 2 0 MSS5 ** ** * ** * ***

28 16 RT (7/5)SDTex * ** '_ **

28 19 C ((7/SJ',SDTex)/PC2 * *** * **

26 21RT (7/5)/(7/5),SDTex ** ***

22 20 RT 7.SDTex/5.SOTex *** * **

22 i3 T MSST,SDTex " * * " * ***

20 12 T MSS5,SDTex *, "" ' **

10 _2 C PC ! .... *'* "

°,
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'_ Table 2.
;. Groundcover Classes

L

:' Class A = Evergreen needle-leaved woodland with round crowns, ENLWRC (Pinus

: banksiana/Jack pine; Pinus reslnosa/Red pine; Pinus strobus/White plne)

Class B = Evergreen needle-leaved forest with round crowns, ENLFRC (Pinus

banksiana/Jack pine; Pinus resinosa/Red pine; Pinus strobus/White pine)
' _ Class C = Grass

.!
• _ Class D = Dwarf Shrub/Bog (Picea marlana/Black spruce <5m and > 10% cover; Sphagnum,

Typhus)

_ Class E = Evergreen needle-leaved woodland with conical crowns, ENLWCC {Picea
mariana/Black spruce; Picea glauca/Wbite spruce; Abies baisamea/Balsam fir)

._ Class F = Evergreen needle-leaved forest with conical crowns, ENLFCC (Picea
mariana/Black spruce; Picea glauca/Whlte spruce; Abies balsamea/Balsam fir) !

; _ Class G = Deciduous broad-leaved forest, DBLF (Populus spp./Aspen; Betula

_i_1 papyrifera/Paper birch; Acer rubrum/Red maple) ..;

Class H = Mixed evergreen needle-leaved and deciduous broad-leaved forest, MF (Classes B, i_
F, and G)

Class I = Water !

L

Differences In performances of the spectral variables !
apparent!y result in part from the relative capacities of data

: processing algorithms to reduce undesirable variations In _ :
background reflectance and surface II luminatlon, and to enhance _' i
the spectral reflectance of different classes.

Performance differences between two-dimensional ORIGINAL

variables and the RATIO varlables were insignificant overal I.

RATIO or "vegetation index" variables appear to be functional ly
equivalent, and do not perform slgnlflcantly better than the
Individual ORIGINAL Landsat variables. Overal l classlflcatlon ''_.
accuracy for any given RATIO variable Is <50%.. ORIGINAL MSS6 Is _

the best unprocessed one-dlmenslonal spectral variable overal I, t
while a local-mean fllter of MSS7/MSS5 performed best of both !

• processeG and unprocessed one-dlmensional spectral varlables.

RATEX and COMPLEX varlables performed poorest overal I, but RATEX
varlabl_s 20 and 21 performed best on Classes A and H,

respectively.

These results of these tests suggest the complexlty of

relatlons between the physical expresslon of natural vegetatlon, ,

envlronmental varlabll Ity, and date processlng techniques that

_ Is likely to exist when large geographic areas are surveyed by
satel I Ite-borne sensors. Based on these results, the processing
of the orlglnal Landsat MSS bands does not result In slgnlflcant

Increa=Js In performance for the majority of classes. We bel love ,',
in the excel lent performances of certaln variables on certaln

classes. However, further examination Into the spectral c

characterlstlcs of vegetatlon is required to enable future "i
development of Image processing algorithms.
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THE POTENTIAL OF AIS TECHNOLOGY

The AIS was flown over the Northern Minnesota Study Area on
August 6, 1983. The time of the overflight was roughly local
noon. The Instrument was flown at 24,000 feet above the ground,
which suggests a 14.8 m plxel slze (based on the stated FOV =
3.7 ° ) at nadir. The data appear blurred, so a precise
Identlflcation of the ground characteristics Is not possible.

Based on our knowledge of ground condltlons below the AIS
flight path, however, several trends are noticeable.

* There are clear gradations In brightness, which show
changes In the amount of vegetaticn along the scan track.
The contrast ratios appear to be slgnlflcantly hlgher In the
1.4_m than the 1.2_m region.

* The dark areas are water bodies. The :magery picks up
detail In the w_ter, which probably Includes surface and
partlal ly-suhmarged vegetation.

* Differences In gray tone patterning and Intensity probably
relate to the different mixtures of broadleaf and coniferous

vegetation typical of this area.

* A lake and Island are imaged at the bottom of Figure 2.
The relative Intensity Is higher on the Island due to the
greater amount of bulk vegetation compared with non-island
vegetation, which is often patchy due to logging or fire
disturbances.

SUMMARY AND CONCLUSIONS

Previous research completed in the forests of Northern
Minnesota demonstrated the complexity of relatlons between
natural vegetatlon, remotely-sensed data from Landsat, and the
algorlthms used to process these data. Though the current "4.
spectral resolutlon of AIS Is not comparable to Landsat MSS, the
Airborne Imaging Spectrometer appears to be a powerful tool for
studying the spectral behavior of natural vegetation. AIS data
may clarify the results from processing and classlflcatlon of
natural vegetation.

We examlned AIS data col lected along a corrldor within our
Mlnnesota study area. Our data cannot be Interpreted precisely,
but we are convlnced that very subtle changes In the land complex
In thls area can be detected with the ald of the AIS. The
spectral responses to changes In vegetatlon are particularly
apparent In several bandpasses. Thls information could be useful
In the Interpretatlon of data from the Thematlc Mapper and SPOT.
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A COMPARISON OF AIS DATA WITH OTHER AIRCRAFT AND GROUND DATA FOR
THE GEOBOTANICAL DISCRIMINATIONOF ROCK TYPES IN SOUTHWEST OREGON

DAVID A. MOUAT, Applied Earth Sciences, Stanford University

ABSTRACT
I

The use of remote sensing techniques for the geobotanical

discrimination of rock types is predicated upon a number of factors.

These include an understanding of vegetation response to environmental

(especially geochemical) conditions, the establishment of correlations

between those vegetation factors and environmental factors, and the

use of appropriate remote sensing techniques to discriminate the

vegetation.

INTRODUCTION

It has been previously reported (Mouat, 1982) that vegetation can i

be grouped into three basic categories: l) Structural, which includes

density, plant morphology and structure, phenology, and chlorosis;

2) Taxonomic, which includes indicator species as well as vegetation

composition and its distribution; and 3) Spectral, which includes the
;

manner in which vegetation interactswith electromagnetic energy and

is usually a function of the other two factors.

This research has been directed toward an understanding of the

utility of various sensing systems for discriminating rock types in

the Josephine Ophiolite of southwest Oregon (Figure l). Previous

research has involved extensive use of Landsat MSS data for separating
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Figure i. Location and general geoZogy of the Study Area. Area of the AIS
flightlines is in solid li_e. Area studied by Mouat et al. (1982) L

and Morrisqey et al. (1984) in dashed line.
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unserpentinized peridotite ("harzburgite"), serpentinized peridotite,

and sheeted dikes (Harding and Bird, 1984). Vegetation was an important

component of that study. Mouat et al. (1982) and Morrissey et al. (1984)

reported on the use of simulated thematic mapper imagery for separating

general rock types on the basis of associated vegetation. More recently,

this author, Nancy Milton, and Mel Podwysocki (both of the U.S.G.S.)

have been undertaking ground-based spectroradiometricwork and comparing

that _ata with Airborne Imaging Spectrometer (AIS) data.

METHODS AND RESULTS

Five AIS flight lines were flown oilJuly 27, 1984 in a portion of

the Josephine Ophiolite (figure ?.). The grating position was in the

rock mode between approximately 1150nm and 2350nm. The pixel size was

somewhat less than 10 meters; thus,the flight line widths were approximately

300m. Although strong winds and rugged terrain with few discernable

landmarks resulted in some crabbing and line displacement, it was felt

that most important lithologic and vegetation targets were adequately

imaged. These included a variety of rock types within the ophiolitic

assemblage and their associated vegetation types. Exceptions included '_.

an area of relatively level, unvegetated dunite (a nearly pure olivine as

contrasted to harzburgite),and a densely (100% crown closure) veoe_tec

gabbroic intrusive. Ground-based spectroradiometricmeas, emen_ _ith

the U.S.G.S. GERS II instrument)were acquired on July 27 ana 28. f_rty-

three of these measurements were obtained.

The AIS imagery was analyzed with the IBM PC-XT image processing
i

system developed at the Stanford Remote Sensing Laboratory. Algorithms

useful for AIS image processing as of April I, 1985 included destriping,

', °
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a log residual correction, a multi-channeldisplay, and two spectral

representations:graphic and color bar. While the log residual corrections

appcar to have had some problems {and are being reworked), the others

worked satisfactorily. Our spectral representationshave successfully

spectrally ,discriminatedbare serpentinized harzburgi_e and nickel

laterite, as well as the vegetation growing on those parent materials

and al_o on metavolcanics.
o

< ON-GOING PLANS
J

- Continuing work by the investiga:or'_inw!ves characterizing vegetatio,l

composition and density within the study area, d:fferentiating lithologies

on the basis of direct discriminationand through geobotanic inference and

applying additional algorithms developed at Stanford and elsewhere to maxi-

mize the use oF the _'_S. It is also hoped that the ground-based spectro-

radiometric measurements will he.lpus relate the AIS data to reflectance.
.1

C. The NSO01 data acquired at the time of overflight and a."August 1984 TM

scene will be correlated with the AIS data.
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il N86-11643
FOREST SPECIES IDENTIFICATION WITH HIGH SPECTRAL RESOLUTION DATA

;, CHARLES E. OLSON, JR., School of Natural Resources, The University of
Michigan_ Ann Arbor, MI 48109-1115, USA; and

ZHILIANG ZHU, Nanjing Institute of Forestry, Nanjing, China

ABSTRACT

_ Data collected over the Sleeping Bear Sand Dunes Test Site and the

_. Saginaw Forest Test Site (Michigan) with the JPL Airborne Imaging Spec-

trometer and the Collins' Airborne Spectroradiometer are being used for
forest species identification. The linear discrlminant function has

provided higher identification accuracies than have principal components
'_ analyses. Highest identification accuracies are obtained in the 450 to

520 nm spectral region. Spectral bands near 1,300, 1,685 and 2,220 nm

appear to be important, also.

INTRODUCTION

Reflectance from plant foliage is largely controlled by plant

pigments in the spectral region between 400 and 700 nanometers (nm),

by internal leaf structure between 750 and 1,000 nm, and by foliar

moisture content between 1,200 and 2,400 nm (Knipling, 1967; Olson,

_ 1967; Rohde and Olson, 1971; Tucker 1980). Any biologic or environ-
mental factor that results in a difference in the amount or nature of

pigments present in the leaves, in the amount of cell-wa11/air inter-

i _ face inside the leaves, or in the moisture content of the leaves can

_ produce a change in re_lectanqe of those leaves. Many investigators

have identified dlxferences be;ween species in response to various

biological and environmental factors. Thus, it should not be surpris-

. ing that differences in reflectance between species have been used to

' ° distinguish between species (Krinov, 1947; Olson and Good, 1962; Rohde

and Olson, 1962; Roller and Thompson, 1972). _.

Two recent developments in sensor technology have made it possible

to further exploit what is known about reflectance from plants: the

Collins' Airborne Spectroradiometer (Chlu and Collins, 1978), and the

Jet Propulsion Laboratory Airborne Imaging Spectrometer (Vane, et al.,

1983). BotL instruments proJide data with greater spectral resolution

(narrower spectral bands) than has been available before. This report

is based on _nvestlgations with both of these sensors.

METHODS

Data were collected over the Sleeping Bear Sand Dunes and Saginaw

Forest Test S_tes (Fig. i) in August 1983. The Airborne Imaging Spec-

trometer (AIS) flight occurred on 7 August and the Collins' Airborne

Spectrometer (CAS) flight on 9 August. No precipitation or other sig-

nificant weather change occurred between the two flights.
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Fig. 1. Locations of the t _ test

_ sites in Michigan's lower _ Lans"peninsula: Sleeping Bear i

t " Sand Dunes northwest of _
Traverse City, and Saginaw ] oit: _ Forest west of Detroit.

/
i

?e_ The Sleeping Bear Sand Dunes Test Site includes a wide variety of
_ natural and modified cover types on rolling glaciated terrain. The
_ Saginaw Forest lest Site is an 80-acre area five miles west of the

. _ University of Michigan campus in Ann Arbor, and largely covered by
small plantations of different forest tree species. Because of the

relative purity of its indivldua I stands, the Saginaw Forest Test Site
was selected for initial analyse_ of the utility of high spectral

resolution data for identifying forest tree species.

Broken cumulus clouds over Saginaw Forest on 7 August prevented

_ acquisition of high quality data with the A!S. High quality data were

obtained with the CAS on 9 August Data analyses were based on six

flight lines running essentially north-south, parallel to the long
axis of the property. Adequate coverage was obtained for nine cover

types: red oak (Qaercus rubra L.), elm and red maple (Ulmus spp. and

Acer rubrum L.), black walnut (Juglans nigra L.), cottonwood (Populus _

deltoides Marsh.), hickory (Carya spp.), ponderosa pine (Pinus "
ponderosa Dougl. ex Laws.), Scots pine (Pinus syluestris L.), Norway

spruce (Picea _bies L.(Karst.)), and a small lake. Essentially pure

spectra from the interior of each cover type were extracted from the
CAS data. Principal component (PC) and linear discriminant function

(LDF) analyses were made with these spectra (Thu, 1984).

Because of the high correlation between reflectances in adjacent
spectral bands, and because the size of the data set for the total

number of spectral bands (570) exceeded available computer storage,

Zhu grouped spectral bands into clusters which he called Band Groups. ;_

_ Band Groups were chosen to correspond to the spectral band widths of
" i six of the Lanasat Thematic Mapper (TM) spectral channels. Variations

in the width of the TM spectral channels resulted in differences in t_

the number of spectral bands in each Band Group (Table i), but these _

_ f differences did not cause problems in the su_-equent analyses.
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_ Table i. Spectral ranges of the Band Groups used in the data

analyses and their equivalent Thematic Mapper channels.

_, Band Group No. of Bands Spectral _ _Be (nm) Equivalent TM Channel

i 48 450-520 I

2 54 520-600 2

3 42 630-690 3
4 136 760-960 4

5 14 15_0-1750 5

6 18 2080-2350 7

A PC analysis was performed for the spectra in each Band Group.

Those bands within each Band Group having the highest correlations with
the first PC axis were selected for subsequent cluster analyses with a

: PC transformation. An LDF aralysis was also used to select optimum i

bands within each Band Group, and to compare results of Band Groups•

_: Results of these analyses are being used to guide band selections

in analyses of the AIS data for the Sleeping Bear Dunes Test Site

RESULTS

The PC analyses showed the first principal component a_counted for i
more of the variance in Band Groups i through 4 than in Band Groups 5 !
and 6 (Table 2). When all Band Groups were considered together, the

: first component accounted for a much lowerproportlon of the total i
variance. In every case, however, the first two components accounted

for over 95 percent of the variation in the data set.
i

Table 2. The cumulative variance (in percent) associated with

the first and second principal components for Band

Groups and for the combination of all Band Groups. ,_

Data Subset Component i Components I + 2

Band Group I 97.72 99.74

Band Group 2 91.72 98./_9
Band Group 3 97.61 98.95

m Band Group 4 99.86 99.98

• Band Group 5 77.43 99.87

Band Group 6 74.52 99.44

Combined 58.85 96.00

, Cluster analyses (unsupervised classifications) were performed
for each Band Group for PC selected bands from each Band Group, and

for the combined PC selected bands from all Band Groups. One set of

analyses considered only three cover classes: water, broadleaved forest,
and conifer forest. A second set of analyses considered five cover

4 %
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classes: water; oak, hickory, and walnut; elm and maple; pines; and
spruce. Classification accuracy reached 85 percent with the selected

bands from Band Group 4 when _nly three classes were considered, but

: dropped to 63 percent when the number of classes was increased to five.

Because classification accuracies below 80 percent are considered in-
adequate for most forest resource analyses, PC analyses were not

pursued further.

Somewhat better results were obtained with the LDF, and it was

decided to attempt a supervised classification with the LDF. The

spectra for each cover type were divided into two groups. One group

became the training set for that class, and the second group was kept
available for testing the classification results. Analyses were made
for a two-class case (broadleaved and conifer forests) and for all nine

cover classes. As shown in Table 3, results for the combined bands

from all Band Groups reached a classification accuracy of 80 percent
when all nine classes were considered.

Table 3. Classification accuracies achieved with the linear discrimin-w

ant function (in percent).
D

Broadleaved/Conifer All Nine Cover Types
Band Group

Subset 1 Subset 2 All Subset 1 Subset 2 All

i 83.7 88.1 85.8 91.1 61.2 77.0

2 83.1 90.5 86.8 87.6 51.0 70.4

3 75.5 92.9 83.6 85.7 48.8 68.7

4 79.6 90.5 84.6 87.5 55.0 72.3
5 81.6 90.5 85.7 51.8 40.8 46.6

6 83.7 81.0 82.4 51.8 47.0 49.5

Combined 89.8 * 90.1 94.7 63.2 80.0

• Data not available
?

_ These results indicate that data from Band Group i (450-520 nm)

provide at least as high a capability for discriminating between the

: forest species included in this test as data from any other Band Group.
In fact, when the nine best individual CAS bands were identified, six

were in Band Group i and one in Band Group 2. The remaining _wo were

in Band Group 5 (1,684 nm) and Band Group 6 (2,222 nm). Both of these

latter bands are within the spectral range of the AIS, and suggest that

these two bands should be seriously considered In any attempt to iden-
tify tree species from AIS data, These results also point to the

._ desirability of expanding the overall spectral oand width of the AIS to

_._ include spectral bands at wavelengths shorter than 600 nm.Work at the Sleepiag Bear Sand Dunes Test Site was initially

_ focused on early detection of moisture stress with AIS da_:a. In early

July, flexible plastic sheds were built beneath the canopies of trench-

ed forested plots, 20x27 meters in size, to prevent rain from reaching

\
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the sol]. When the ATS data were obtalned on 7 August, Scholander pres-

sure cell measurements showed xylem water tensions to be 7.7 bars higher

' in the stressed maple plot, and 9.0 bars higher in the pine plot, uhan

for the control plots. Comparable data for 9 August, when the CAS data

were oStalned, showed a xylem water tension more than 9 bars above back-

ground for both plots. Foliar moisture content, as a percentage of

oven-dry-welght, was 15 percent lower in the stressed maple, and 45

percent lower in pine, than in the controls. Laboratory data for leaves

from the maple plot showed a small decrease in reflectance between 900

and 1,300 nm, and a progressively higher reflectance from 1,320 to 2500

, nm, as compared to comparable data from the maple control. With pine,

the laboratory reflectance data showed a slight decrease in reflectance

at wavelengths longer than 1,150 nm.

AIS data were obtained for the stressed plots only in grating pos-

_ ition O. Both plots yielded AIS spectra which differed from spectra
"i_ for their controls in much the same manner as the laboratory reflectance

_ data. In maple, the reflectance cross-over which was observed at about
1,310 rLm in the laboratory data was observed in Channels 15 and 16 of

_ the AIS spectra.

Preliminary results with species identification at the Sleen_ng

Bear Test Site indicate there is probably species informaticn In the

spectral region between 1,200 and 1,350 nm. While the moisture stress

_ information is relatively broad-band, it appears that the species infor-
matlon is concentrated in bands about 30 nm wide. The optimum spectral

band for separating broadleaved species appears to be approximately

20 nm shorter than the optimum band for separating conifers. A single

50-to-60-nm wide band would probably include reflectance cross-overs _,

! which could negate the subtle spectral differences we appear to see in
the narrow-band data.

J°

CONCLUSIONS i

Based on work completed to date, it seems safe to conclude that _.
high spectral resolution data can provide improved identification of

forest tree species from airborne and spaceborne platforms. It also

seems safe te conclude:

i. The linear discriminant function is superior to the principal

components technique for identification of forest species.

; 2. There is significant information about tree species in the

,. spectral band between 450 and 520 nm, in the spectral band between 520

and 600 nm, and in spectral ba,ds near 1,300, 1,685 and 2,220 nm.
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URBAN, _OREST, AND AGRICULTURAL AIS DATA: FINE SPECTRAL STRUCTURE

V.C. VANDERBILT, Laboratory for Applications of Remote Sensing, Purdue
University, West Lafayette, IN 47906-1399, U.S.A.

ABSTRACT

Spectra acquired by the Airborne Imaging Spectrometer (AIS) near

Lafayette, IN, EIy,MN, and over the Stanford University campus,CA were
analyzed for fine spectral structure using two techniques: the ratio

of radiance of a ground target to the radiance of a standard and also

the correlation coefficient of radiances at adjacent wavelengths. The
results show ramp-like features in the ratios. These features are due

to the biochemical composition of the leaf and to the optlcal-scatter-

ing properties of its cuticle. The size and shape of the ramps vary

with ground cover.

INTRODUCTION

The Airborne Imaging Spectrometer (AIS), developed at the Jet

Propulsion Laboratory (JPL), offers the unique capability to obtain

high spatial resolution, high spectral resolution, and high radiomet-
eric resolution data from an aircraft-borne (NASA C-130) sensor. The

instrument provides a synoptic image of any specific ground scene at

each of 120 infrared wavelengths between 0.9 (or 1.2) and 2.4 _m.

During an extensive data acquisition campaign organized by personnel
at JPL during the summers of 1983 and 1984, data were obtair_ed by the

AIS instrument over three flightlines: one an agricultural and for-

ested region near Lafayette, IN; an area near Ely, MN, representing

the boreal forest; and a rural-urban-residential area including the

Stanford University campus in California. Results of an analysis of

these data are presented here.

While the AIS instrument does not acquire data in the spectral _.
regions between 0.4 to 0.9 ;,m, future imaging sensors having high

spectral resolution will acquire data in these regions. To anticipate

promising areas of future research involving these planned sensors,
results of an analysis of high spectral resolution data acquired with

an Exotech Model 20C field spectroradiometer are also presented. The
data include two spectra from each of more than 250 bc.,chmark soils

from locations across the United States as well as more than 800 spec-

tra of four wheat canopies measured in various development stages and

sun/view directlons and at various times during the day. These spec-

tra and supporting documentation are available in a data library at
LARS/Purdue University.
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BACKGROUND AND JUSTIFICATION

Is there fine structure in infrared spectra of folia6e? There is
reason to believe that in the infrared wavelength region, plants may
absorb in narrow spectral bands defined by the structural properties

of the organic molecules near the surface of the foliage -- by the

resonant frequencies of the translational and rotational vibration

modes of the simple bonds (e.g., C-H, C=C, C-CH_, N-H, C-NH_, etc._ in
the larger molecules. For these atoms connected by a cov_i4nt bond,

the fundamental resonant frequency generally is located at _mvelengths

longer than 2.5 _m, beyond the wavelength range of the AIS and other
passive airborne or spaceborne remote-sensing instruments.

I

In the 0.7 to 2.4 _m wavelength region (which includes the 1.2 to
2._ _m range of the AIS), the absorption bands are overtones and har-

monics of the fundamental resonant frequencies of these simple struc-

tures. The ma_,itude of the absorption in such a wavelength band usu-

ally is not large. And it tends to vary with wavelength, being

generally smaller, if the band is located at shorter ......_-_
(higher frequency), farther from the fundamental resonant frequency.

By the visible wavelengths, this type of light absorption -- involving

vibration of organic, covalently bonded atoms -- is nonexistent and
light absorption is due to electronic transitions in such organic pig-

ment molecules as chlorophyll.

The observability of the narrow absorption bands may be enhanced

if the foliage surfaces are good specular reflectors in the infrared.

This is because the magnitude of the specular reflection is determined
! in part by these absorption properties. And for some plant canopies,

the specularly reflected light is a significant part of the total

i reflected light. For a leaf, the specularly light origi-
reflected

i nares at the interface between air and the cuticle, the multi-layered,
wax-covered skin of the leaf. The properties of the cuticle, its

. topology and chemical composition, are species and possibly variety
specific ana change with leaf age, plant development stage, plant |
water status and temperature regime. Because the specuiarly reflected

light never enters the leaf to interact with cell walls or water, its _

magnitude depends solely on the properties of the cuticle. The magn_-

! rude varies with the complex index of refraction of the cuticle and

with the optical roughness properties of its surface. Thus, the mag-
nitude would vary in and near a particular narrow absorption band, if
these bands exist.

In summary, Justifying the search for fine detail in the spectra

of vegetation is the potential to discover a new source of information '

_' for discriminating species and assessing their condition. The radio- ;'

_ metric magnitude and the location in wavelength of absorption in narrow i
spectral bands, if present in the spectra, may provide such informa-

tion.

Despite these arguments, narrow absorption bands mlght not appear

in spectra of foliage measured by the AIS instrument. The reasons are ,_
identically those explaining, for example, why the sharp absorption _
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peak at 0.68 pm of chlorophyll measured in vitro does not appear in
high resolution spectra of plant canopies. For absorption in the

infrared, the many candidate bonds provide a rich plethora of absorb-

ing regions at often adjacent wavelengths. While many molec,]les

throughout the plant will contain any specific bond, for example,

C-CHR, the absorbing wavelength region of each will not be the sam_e,
but _ather modified depending on the structural characteristics of the

parent molecule and adjacent environment. The absorbing region of

wavelengths will be broader for the aggregate of molecules than that

for any one molecule. And in canopy spectra, the prominence of the

: absorption region may be red_,ced if other bonds absorb at adJacgnt

wavelengths.
e

Additionally, whether or not absorption is evident in narro,, wave-

length bands in the AIS spectra will depend on the magnitudes of the

instrument noise relative to the absorption "signal" in the spectra as

well as the natural variabilit} of the spectra of the scene as a func-

tion of wavelength. Almost certainly the change in the spectra due to
an absorption band will be small (probably less than 5% of value).

Substantial evidence has not been reported for the existence of narrow

absorption bands irJ spectra of indlvidual leaves measured with the :
Beckman DK-2A spectrophotometer with integrating sphere attachment.

Compared to the DK-2A, the AIS has better spectral resolution and has

the additional advantage of imaging a synoptic view of the scene.

" Thus, the AIS is an important tool fnr readdressing the question --

_ does foliage preferentially absorb in narrow wavelength bands -- at I
increased spectral and radiometric resolution. T

F

RESULTS {

To analyze the AIS data for fine spectral structure, the spec-

tral and image analysis system located at the Jet Propulsion Labora-

tory, Pasadena, CA, was employed to determine, for test fields contain-

ing between 50 and 32,000 pixels, two variables (Figs. I-3) as a

function of wavelength: (a) a ratio -- the unca]ibrated radiance (as

indicated by the digital number, DN) averaged for a test field divided _.

by the DN of a standard -- a large uniform vegetated area in the

fliEhtline, and (b) the correlation coefficient of the DN values of

adjacent bands. Analysis of the spectroradiometer data of the 500 i

soil spectra and more than 1200 vegetation spectra Involved calcula-

tion of the correlation coefficient of data at adjacent wavelengths.

A description of procedures used to acquire these data is available.

Figures I-2 show that the ratio varies as a function of both

cover type and wavelength, showing large variations over small wave-

length intervals in the two large water absorption bands at approxi-

mately I._ and 1.9 um. On each side of these bands the ratio (Fig. I)

varies with wavelength often as an increasing or decreasing ramp,

depending upon the cover type in the test field. Plots of ratios (not

shown) representing oti_er areas in tJth the Lafayette and Ely flight-

lines display similar ramps. The average DN of a large area of deci-

_ duous forest served as the rtandard, or denominator, of the ratio in

16O

1986002151-166



I

Figure 1. The results (Fl_. 2' show that the ratio_ of several cover
types of the urban area dc not v_ry with wavelengtI1. Thls me._ns that

ii the DN values of the cover types vary in conjunction with the DN

values of the standard, a large gr 3s area on the Stanford campus.
• Unlike the results, Fig. 2, the results, F_g. 3, do show variation

with wavelengths; the ratios representing clay tile rooftops on the
I campus (Fig. 3) have minima between 2.05 and 2.1_ _m. In the Stanford

data, the DN values of some pixels, generally near the extreme left
and right edges of the flightline, are saturated with a DN of 2.55.

|*_ Care was taken to exclude such pixels from the analysis. The minima

!_ (Fig. 3) represent the only evidence of fine structure discovere(_ in

,|. the analysis of the Stanford flightline.
-4

The results of the analysis of the vegetatlon and soils acquired
L_

by the Exotech spectra radiometer show that the correlation coeffi-

cient of data at adjacent wavelengths varies as a function of wave-

length. Large variations in th3 values of the correlation coefficient

occur In the vicinity of the water absorption bands at 0.95, 1.15, and
- 1.4 um. For the vegetation, additional anomalies are located at 0.56

- 0.60 _m near the peak of the green region and at 0.70 - 0.75 um at

i the red edge. The only anomaly found in the soils data was due to theferric oxide absorption band near 0.9 _m.

DISCUSSION

The r,sults (Fig. I) contain ramp features in the data showing

_|[ that the spectra of other foliage areas in the flightline vary with _wavelength differently than does the spectrum of the forest, the stan-
dard whose DN value served as the denominator ot the rat_.o. The vari-

ahion is not random with wavelength but instead appears to represent

fundamental charactertstics of the foliage areas. Furthermore, the

ramps appear due mainly tc _hemlcal and physical propertles cf the

light-scattering follage -- not to geometric factors related to the
canopy _rchitecture -- or to sun-vlew angle effects (these three fac-

tors determine the amo_mt of light scattere_ by a plant canopy). _-

The ramps show that the biochemical constituents and/or the opti-

cal-scattertng properties of the foliage surfaces vary with ground
cover. The variation is small and represents a secondary factor in

_mderstanding the mean ruflectance of all the vegetation in the

fliEhtllne. Yet when the ratio technique is _mployed to effectively

remove the mean from the data, this secondary factor becomes a primary
source of variation between ground covers in the flightline.

The argument that canopy geometry is not the primary cause of the

ramp feature is simple; if it were, curves of the ratio would never

_ross and probably they would have a shape different from that of the
ramps (Fig. I). To prove the point, let us initially assume that the

canopy geometry is the primary causs of the ramps in the p_ots of the
ratios. Then we will demonstrate a contradiction. So assume that the

llght-scattering properties of each infinitesimal piece of foliage in •

the flightline are identical. Assume that the only difference between

,j
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ground covera is due to geometric factors related to canopy
; architecture (e.g., size of leaf, leaves per unit volume, leaf area

per unit volume, etc.). Then the bidirectional reflectance _actor

(BRF) of the plant canopies would depend only on these geometric fac-
tors and on the sun-view direction. For the specific sun-view direc-

tion of our flig_tline, only the g_ometric factors would determine the

BRF of the plant canopies. These geometric characteristicu would det-
ermine the amount of light, singly and multiply scattered, arriving at

the sensor. Under these circumstances, the plots of BRF would be
+_ nested; no two curves would cross. Furthermore, two ratios would

never cros.,. As the ratios (Fig. I) do cross, our initial assumption

: is not valid; the optical-scattering characteristics of the foliage do
vary with species as a function of wavelength. As a second reason why

the initial assumption is wrong, consider the region, 1.4 - 1.9 um,

between the large water absorption bands. Again, if the light-scat-

: tering properties of all foliage were identical and only geometric
differences distinguished canopies, then the amplitude variation of a

specific ratio as a function of distance from an absorption band

should be similar to the variation with distance _n wavelength from

other bands. Yet Fig. I shows this is not the situation. The ratio

(Fig. I) shows an abrupt rise (or fall) to about 1.5 _Jmfollowed by
our "ramp" -- a slow fall (or rise) to approximat>ly 1.8 _,m. There is

no abrupt rise (or fall) near 1.8 _m. Since the gecmetry of a canopy

is not a function of wavelength from 1.5 to 1.8 Um and since light
- absorption by fol_age in each b_nd is comparable, we should see t?is

abrupt r_se (or f.ll) with cecreastng wavelength near the 1.9 band.

We do not. Thus, for both reasons -- the shape of the ratio curves

and the fact that they cross-- we conclude that the geometry of the
canopies is not the primary factor for understancing why the ramps

exist in the results (Fig. I); instead the secondary biochem+cal prop-

erties and light-scattering surface p_'iortles of the fcliage are the

important factors.

Three biochemical and physical factors appear potentially mpor-

,ant to ,mderstanding the appearance of the ramp features in th_ data: ,

+ (a) specular reflection; (b) absorption/scattering by the congtituent

carbohydr,:tes, fats, and proteins in the foliage; and (c) absorption/
scattering by the distributed air mid ware, (protoplasm) in and bet-

ween the cells in the foliage.

Specular reflection requires an optically smoo_h boundary between

two dielectrics--thick compared to the wavelength of incident light.

Typically _he surface of a leaf i_ never optically smooth but instead

supports structures capable of scattering light according to the size

criteria established by Rayleigh and Mie. While the amount of light
scattered by the structu;es on the surface is dependent on wavelength,

it is probably of i_mited importance for _emote sensing purposes in

tne wavelength region 1.2 - 2._ gm. More important is the optical
+ thickness, the skin depth of the multiple layers containiLg the epicu-

ticular wax, the cuticle and the cell wall and membrane. All have

comparable indices of refraction in the visible wavelength region but |
not necessarily tl,roughout the infrared. The thickness, more or less

three micrometers, is comparable to the wavelength of the incident |
i

'%
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light -- more so at 2._ than 0.9 urn. Because of these structural

characteristics, a leaf might be expected to be a better specular

reflector in the visible wavelengths than at 2.4 _m. And at some wave-
lengths, the surface will no longer be a specular reflector. In the
transition zone between these extremes (which could include the

region 0.9 - 2.4 _m), the amount of specularly reflected light will

decrease tc insignificance. Thus, one factor to consider in the
explanation of the ramp features in the data (Fig. I) is the spectral
location and importance of the specular reflectance transition zone in

each species. It may be possible that all or part of the ramp might
: be explainable as the waning influence of specular reflection as a

function of increasing wavelength, a process dependent on leaf optical

properties and thus peculiar to each plant cover -- depending on its
species/variety and condition.

The second factor to consider in understanding the presence of

the ramp features (Fig. I) is the amount of light absorbed by the

constituent carbohy&_.ates, fats, and proteins of the leaf. As dis-

cussed in hhe Backgrotmd section above, these molecules absorb prefer-

entially with wavelength. While one of the simple bonds composing one
of the larger molecules might absorb at one wavelength, the general

trend of the absorption spectrum of the aggregate of all carbohydrate

molecules is a decrease, albeit erratic, with decreasing wavelength
from 2.4 um. The absorption curves for fats and proteins show similar

trends. Thus, a second factor to consider in the explanation of the

ramp features in the data is the relative importance of the absorption

spectra of these three constituents of the foliage. The importance

will presumably change with wavelength. A composite absorption spect-

rum might aid in explaining all or some portion of the ramp features I '
in the data (Fig. I). The composite spectrum would include contribu-

tions from all three absorption spectra of carbohydrates, fats, and

i proteins in a linear combination dependent on species, varieties, and
plant condition.

The last factor to consider in the explanatlon of the ramp fea-

tures (Fig. I) is the relative importance of air and water (proto- i,_
i plasm) dispersed in the leaf. If the leaf were optically thick and

completely water, then the plant canopy would be quite black. But

leaves do contain air in irregular sin,,ous pathways. The physical

properties and thus the optical properties of the emulsion of air and

water vary with species. As the transition regions near the large
1 water-absorption bands at 1.4 and 1.9 _m are likely regions to observe

such species-dependent optical phenomena, the ramp features may be a

_: manif_-tation of species-dependent water absorption.

Analysis of the spectroradlometer data, determining the correla-

tion coefficient of reflectances at adjacent wavelengths, provides

i_ evidence for fine spectral structure in the orange and red edge spec-

tral regions in the wheat spectra and the ferric oxide, Fe2 0 ,
absorption band near 0.9 um in the soils data. As the wheat data co_- !
tained spectra from four development stages including data acquired i

before and after heading and when the wheat was rlpe (senesc nt), the i
correlation analysis process will tend to identify those r_ons where

k. -- -_ 163

i

1986002151-169



_ %_____. _ _.._,.4

i

i
.{ _

I

"4

the spectral curves show the maximum change with wavelength and date.

Such a region, the red edge, contains an abrupt increase in radiance
value between the red and the near infrared before senescence. The

increase almost disappears upon senescence as the chlorophyll pigments
deteriorate and the red reflectance of the wheat canopy significantly

increases. The Collins far-red shift, which has been observed to
occur with heading, will add additional diversity to the spectra at

the red edge. Thus, the expl_nation of flne spectral structure at the
red edge appears clear. The spectra of the senescent wheat appear to

i be the contributing factor for finding fine structure at 0.56 - 0.6 _n I
in the data acquired by the spectroradiometer. Prior tc senescence,

the wheat spectra have a peak reflectance at 0.56 ,jm; the peak disap-

pears after senescence and the reflectance increases monotonically
i with increasing wavelength in the green and red spectral regions. TheJ

! correlation process is identifying this abrupt change that occurs at

, senescence. I
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F_g. I. Using the AIS data from _he LafayetLe flightline, the ratios,

the digital numbers (DN) of four ground covers divided by the
DN value of a deciduous forest used for comparison purposes

as a standard, were calculated using Zhe formula: ratio = 50

+ 100 • target/standard. As best as can be determined, the
-J four ground covers are alfalfa (top curve at 1.5 _m), decidu-

i ous forest (bottom curve), and probably corn and/or soybeans
(middle curves).
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Fig. 2. The ratios of four ground targets in the Stanford flightllne {

were determined from the formula: ratio = 50 + 75 * target/ _
standard. The ground targets are bleachers in the football :i

stadium (top curve), forest (bottom curve), playing field in i
stadium (solid curve), and a road surface. A large grass
area served as the standard.

!
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Fig. 3. The ratios of the Stanford data representing four rooftops
from the section of the Stanford campus containing red tile

roof'swere determined from the formula" ratio = 50 + 75 •
target/standard. The grass area of Fig. 2 served as the
standard.
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!• APPENDIX I

.f ATTENDEES OF THE AIS DATA ANALYSIS WORKSHOP

_ APRIL 8-10, 1985
/

{

i Name Representing
f

- ,' Abrams, Mike JPL

_ Adams, John University of Washington

Adams, Steven JPL I
.?

Albee, Arden California Institute of Technology !

a

Allen, Jim NSI

Bailey, Jeff Australian Mineral Industry Research !

Association, Australia i

_: Balick, Lee EG & G Energy Measurement Inc.

Banninger, Cliff Institute for Image Processing and

",_ Computer Graphics, Graz, Austria

_" Barge, Lisa JPL

Barney, Terry University of Missouri, Columbia

Berry, Wade University of California, Lo_ Angeles

Blad, Blaine University of Nebraska

Blake, Pamela University of Hawaii

Brown, Hal General Electric Space Division _'

Conel, Jim JPL I

Curtis, Brian California Institute of Technology

Dickinson, Stan NASA/Aroes Research Center

Donis, Paul Self

Dykstra, Jon Earth Satellite Corporation

k

' Elvidge, Chris JPL

I Evens, Carla NASA/Goddard Space Flight Center

_-'- Evans, Diane JPL/NASA Headquarters
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Name Representing

: _ Feldman, Sandra Mackay School of Mines, University
f of Nevada

Ford, John JPL

_' Fownes, Jim University of Wisconsin, Madison

Gardner, Bronson Standard Oil of Ohio
l

Gillespie, Alan JPL

• _ Goetz, Alex JPL i

_ Gross, Michael University of Delaware

.: Henderson, Fred GeosaL Committee

_ i Herriv_:,Mark JPL

__ Higglns, Robert NSI

-._ Hoover, Gordon JPL
L_

_ Huntington, Jon CSIRO, North Hyde, New South Wales |
- Australia ,

!

Jordan, Bob Lockheed Missiles & Space Company
[

m

Kahle, Ann JPL

Krohn, Dennis U.S.G.S., Reston

Kruse, Fred U.S.G.S., Denver

Laity, Julie C_lifornia State University, Northridge "_.

Lang, Harold JPL

Lawton, Wayne JPL

! Lyon, Ron Stanford University

j
! MacDonald, John MacDonald Detweiler & Associates,

Vancouver, British Columbia, Canada

I
Mahoney, Colin JPL

4
. Martucci, Louis Battele Northwest Laboratories

Mason, Robert NASA/Ames Research Center i

i,
167 _,_

1986002151-173



Name Representing

McFarland, William University of Missouri, Columbia

_' Meesong, Lee JPL

_ Michael, Richard Earth Satellite Corporation

Milton, Nancy U.S.G.S, Reston
4

Monson, Richard NASA Headquarters

_i Morris, Bob NASA/A_es Research Center t

_ Moua_, David Stanford University i

4
°| Murphy, Robert NASA Headquarters

4 Mustard, John Brown University i

_| Nemani, Ramakrishna University of Montana, Missoula

I Ocampo, Adriana JPL

_i Olson, Charles, Jr. University of Michigan, Ann Arbor

Palluconi, Frank JPL i

Paylor, Earnie JPL J

, !

Peterson, Dave NASA/Ames Research Center !

Pieters, Carle Brown University !

Podwysocki, Mel U.S.C.S, Reston

Reimer, John JPI,

Ridd, Merrill University of Utah

Rinker, Jack U.S. Army Topographic Laboratory

Ripple, William ERSAL, Oregon State University

i Roberts, Dar Stanford University

Rock, Barry JPL

Rode, Jon Rockwell International

Rowan, Larry U.S.G.S, Reston

i_i Rundquist, Don University Of Nebraska

%
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Ruzek, Martin JPL

Samson, Scott University of Nebraska

Schenck, Leslie JPL

Settle, Mark ARCO Oil & Gas Company

Singer, Bob University of Hawaii

Smith, Milt University of Washington

Smythe, William JPL

Solomon, Jerry JPL

Spanner, Mike NASA/Ames Research Center

Steinkraus, Run JPL

Strahler, Alan Hunter College of C.Y.N.Y.

Taranik, Jim Mackay School of Mines, University
of Nevada

Tucker, Deanne JPL

Ustin, Susan University of California, Davis

Vanderbilt, Vern Purdue University

Vane, Gregg JPL

Vogelmann, Jim JPL "_

Westman, Walt Technicolor Government Services

Wickland, Diane JPL/NASA Hedquarters

Wilson, Peter CSIRO, Perth, Australia

Wood, Byron NASA/Ames Research Center

Wukelic, George Battele Northwest Laboratories

Yamaguchi, Yasushi Geology Survey of Japan/Stanford

University i

Yooi, Steve University of California, Santa Barbara
!

Zak, Alex JPL #
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, APPENDIX 2

AGENDA OF THE AIS DATA ANALYSIS WORKSHOPHELD APRIL 8-10, 1985

Meeting all Three Days in ":heBuilding 167 Conference Roomat the Jet Propulsion Laboratory
)

_I Monday, April 8

' 8:00 Shuttle Bus leaves Holiday Inn for JPL

, 8:30 WELCOME AND WORKSHOP OVERVIEW

: Gregg Vane

9:00 IMAGING SPECTROMETER PROJECT REVIEW AND STATUS
Alex Goetz

9:45 Break

I0:00 AIS 1984 OPERATIONS SUMMARY AND 1985 PLANS

Gregg Vane

_. 10:45 AIS DATA HANDLING AND ANALYSIS

_ Jerry Solomon

12:00 Lunch i

_. l:O0 MINERALOGICAL MAPPING IN THE CUPRITE, NEVADA, MINING DISTRICT _ ,
Alex Goetz, JPL

1:30 REMOTE STRATIGRAPHIC ANALYSIS: COMBINED TM AND AIS RESULTS IN

THE WIND RIVER/BIGHORN BASIN AREA, WYOMING

Harold Lang, Ernle Paylor, and Steve Adams, JPL

2:00 FIELD UTILIZATION AND ANALYSIS OF AIS 128-CHAkq_EL IMAGERY USING "_.
MICROCOMPUTERS: APPLICATION TO YERINGTON, NV FIELD AREA

Ron Lyon and Kal Lanz, Stanford University

}

3:00 Break

3:30 PRELIMINARY ANALYSIS OF AIS SPECTRAL DATA ACQUIRED FROM

SEMI-ARID SHPUB COMMUNITIES IN THE OWENS VALLEY, CALIFORNIA
Susan Ustln, U.C. Davis, and Barry Rock, JPL

4:00 AIS SPECTRA FOR STRESSED AND UNSTRESSED PLANT COMMUNITIES IN
THE CAROLINA SLATE BELT

' Diane Wickland, JPL

i_ 4:30 SPECTRAL CHARACTERIZATION OF SUSPECTED ACID DEPOSITION DAMAGE
IN RED SPRUCE (PICEA RUBENS) STANDS FROM VERMONT

-_ Jim Vogelmann and B'arryRock, JPL

|
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5:00 Wrap Up

5:30 Shuttle Bus departs JPL for Holiday Inn

Tuesda,y, April 9

8:00 Shuttle Bus departs Holiday Inn for JPL

8:30 A FIRST LOOK AT AIRBORNE IMAGING SPECTROMETER (AIS) DATA IN AN

AREA OF ALTERED VOLCANIC ROCKS AND CARBONATE FORMATIONS, HOT

CREEK RANGE, SOUTH CENTRAL NEVADA
Sandra Feldman and Jim Taranik, University of Nevada/Reno, and

D_ve Mouat, Stanford University

9:00 INTERPRETATION OF AIS IMAGES OF CUPRITE, NEVADA USING
CONSTRAINTS OF SPECTRAL MIXTURES

Milton Smith and John Adams, University of Washington

9:30 SPECTRAL ANALYSIS OF AIS DATA FOR THE WIND RIVER BASIN, WYOMING

Bob Singer and Pam Drake, University of Hawaii :'

lO:O0 Break

I0:30 EVALUATION OF AIS DATA FOR AGRONOMIC AND RANGELAND VEGETATION:

PRELIMINARY RESULTS FOR AUGUST 1984 FLIGHT OVER NEBRASKA

SANDHILLS AGRICULTURAL LABORATORY

Blaine Blad, Patrick Starks, and Cynthia Hays, University of

Nebraska, and Bronson Gardner, Standard Oil Company

10:50 SITE DESCRIPTION FOR THE UNIVERSITY OF NEBRASKA'S SANDHILLS

AGRICULTURAL LABORATORY

Btonson Gardner, Standard Oil Company, and Blaine Blad,

University of Nebraska

II:20 PRELIMINARY EVALUATION OF AIS SPECTRA ALONG A

TOPOGRAPHIC/MOISTURE GRADIENT IN THE NEBRASKA SANDHILLS

Don Rundquist University of Nebraska,

II:40 THE USE OF AiS DATA FOR IDENTIFYING AND MAPPING CALCAREOUS I

SOILS IN WESTERN NEBRASKA I

Scott Samson, University of Nebraska

12:00 Lunch

i

I:00 CALIBRATION OF AIS DATA USING GPOUND-BASED SPECTRAL REFLECTANCE

MEASUREMENTS

Jim Conel, JPL

1:30 ANALYSIS OF AIS DATA OF THE RECLUSE OIL FIELD, RECLUSE, WYOMING

Jon Dykstra and Don Segal, EarthSat Corp.

;
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2:00 AIS DATA FORM A BASIS FOR RELATIVE DATING OF GRANITIC ALLUVIAL
' FANS

Alan Gillesple, JPL

' 2:30 AIS DATA FROM ALLUVIAL FANS AND EVAPORITE DEPOSITS IN DEATH
-- VALLEY

Anne Kahle, JPL

3:00 Break

i

_ 3:30 FOREST BIOGEOCHEMICAL CYCI,ING AND REMOTE S_"SING
' Dave Peterson and William Acevedo, Ames Research Center ,'

? 4:00 HIGH RESOLUTION SPECTROMETRY OF LEAF A_q)CANOPY CHEMISTRY FOR :
: BIOCHEMICAL CYCLING

t

Mike Spanner, Dave Peterson, William Acevedo, and Pam Matson,

Ames Research Center
!
t

_" 4:30 FOREST CANOPY CHEMISTRY FROM BLACKHAWK ISLAND, WISCONSIN

L_ Jim Fownes and John Abet, University of Wisconsin _

"- 5:00 Wrap Up
" i

i

: 5:30 Shuttle Bus departs JPL for Holiday Inn

!

Wednesday, April I0 z

¢

8:00 Shuttle Bus departs Holiday Inn for JPL

8:30 ANALYTICAL TECHNIQUES FOR EXTRACTING MINERALOGICAL INFORMATION
..

FROM MULTI CHANNEL IMAGING SPECTROMETER DATA ._
Fred Kruse, Gary Raines, _nd Kenneth Watson, U.S.G.S. _.

9:00 SPECTROSCOPY OF MOSES ROCK KIMBERLITE DIATREME _

Carle Pieters and John Mustard, Brown University

9:30 ANALYSIS OF AIRCRAFT SPECTROMETER DATA WITH LOGARITHMIC

RESIDUALS

Andy Green and M. Craig, CSIRO, Australia (to be presented by
Jon Huntington)

IO:00 Break

IO:30 COMPARISON OF AIS VS. _ DATA COLLECTED OVER THE VIRGINIA
PIEDMONT

Robin Bell, Goddard Space Flight Center, and Carla Evans,

University of Maryland

ll:00 DISCRIMINATION OF COASTAL VEGETATION AND BIOMASS USING AIS DATA

Mike Gross and Vlc Klemas, University of Delaware
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Il:30 AIS INVESTIGATION OF AGRICULTURAL MONOCULTURES *"
_ Byron Wood and Bob Wrigley, Ames Research Center

,',- 12 :O0 Lunch

,,_ I:00 APPLICATION OF AIS TECHNOLOGY TO FOREST MAPPING

I Steve Yool and Jeff Star, U. C. Santa Barbara

1:30 A COMPARISON OF AIS DATA WITH OTHER AIRCRAFT AND GROUND DATA

FOR THE GEOBOTANICAL DISCRIMINATION OF ROCK TYPES IN SOUTHWEST
OREGON

Dave Mouat, Stanford University

-i_ 2:00 FOREST SPECIES IDENTIFICATION WITH HIGH SPECTRAL RESGLUTIOH DATACharles E. Olson, University of Michigan, and Zhlltang Zhu,
-_ NanJlng Institute of Forestry

:) 2:30 URBAN, FOREST, AND AGRICULTURAL AIS DATA: FINE SPECTRAL

Vern Vanderbilt, Paul Anuta, add Craig Daughtry, Purdue
University

ii 3:00 Break and Nrap Up

5:00 Shuttle Bus departs JPL for Holiday Inn
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